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Abstract 


The main objective of this investigation 

According to Piaget, formal reasoning begins at 
11+. The present study attempts to examine whether 
Piaget and Piaget type tasks could be tackled at 10+ 
or not. If not, could the children ot 10+, be trained 
to tackle those tasks and thereby achieve what we can 
call acceleration of thought. This study was carried 
out on 33 children drawn at random from Grade VI of the 
Mother's School as well aa the Mirambika School cited 
there. The latter is on experimental school where 
children are tree to choose their activities according 
to their fancy and interest. There is little of regular 
teaching so nobody knows where the teacher or the pupil 
is at a particular moment. In other words, this school 
is full of activities. The problems were administered 
individually in two parts, first those which equalized 
experiences across the pupil population and secondly, 
the effect of this stimulation on the two Piagetian 
schemes of thought, namely, combination of coloured and 
colourless chemical bodies (real and in paper pencil 
form) and the- oscillation of a pendulum.There were no 
time limits for solving these problems. The results 
were also compared with the past studies in terms of 
pattern of responses so far aa status .of thought 
without acceleration of thought was concerned* The 
results of this study indicated; 
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(i) It ia possible to discern a pattern of response. 
The coefficients of fluctation have remained 
under 10 per cent. It io within the acceptable 
limits. 

(ii) This pattern of thought in hierarchically 
determined / using the Guttman scale, 

(iii) It is possible to accelerate thought process 
under certain conditions but the abstract 
Piagetian schemes of thought are difficult to 
crack. The way out is to arrange several t.uch 
tasks in the ascending order of difficulty. 

(iv) It is very much possible* largely speaking* for 
children to help themselves in their day to day 
teaching learning process. The teacher should 
not always insist on right responses. Instead* 
he should help them to see the relevance of 
their responses in concrete situations. Time 
thus spent ia not a wastage of time but the 
children are* in fact* revealing the evolving 
structure of their logical thought. 

(v) It is hypothesized that it is equally possible 

to discern a pattern of thought in their wrong 
responses . It is also developmentally 
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determined. If so» hump effect as hypothesized 
appears dominantly whore path to concept 
developmeni ia not linear but children go 
forward/ jo backward and again go forward in 
their thinking- The occuranco of errors 

(mistakes) on a particular process of thought 
across age/grado groups which autfors humps iS/ 
in fact/ a matter of growth tor it is temporary 
in nature. 






The Child at the Centre of Bdtjoatlon t A Developmental View 


Bacl:^^<ind VOTarl^B 


It la usually difficult to find a etartln/j point 
for dlecuaslon In education. 9o It ia derslmhlo to tallr 
off the tangent beforo coming to thp point, i-larla 
riontoBBorl declared the present century aa the century 
of the child. %en in the closing decade of the century, 
we have yet to improve hie lot within the context of 
education, Firet, we have yet to devnlop a ayetwi of 
education which le based upon hie growlnr natural abilitiee. 
Secondly, ve are hammering at wrong places* Thirdly, 
wo are increasingly making our educational syetpffi more 
pathological than it was, say, at ths time of Independenoe, 
Mass copying is a case in point, Fourthly, as if this 
were not sufficient, we are appointing senior persons as 
sere multipliers in Iho educational hlomrchy. lastly, 
the educational ayntfm la trying hard to deliver what 
it was supposed to deliver as initially Imagined under 
the colonial rule. It should not be forgotten that only 
living nations have probloas which each nation has to 
solve in its historical and eoolo-oultural context. Consider 
the following statements s 

1* Ours is a big country and so are our problems, 

The problems facing ns are gigantic* the resources 
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are highly limited for any improYanent* Xt 
does not need repairs but ie has to be built 
up continuously piece by piece to meet the 
drastic changes needed in our economy for 
attaining properlty* For tha# working livea 
of our dhildren and youth hav»^ to be highly 
productive in all sorts of affairs^ fhls 
widespread dissatisfaction Is there in almost 
all the countries of the woAd. In onr clerical 
system of education! the sohoola from the view¬ 
point of functioning professionally, have 
"bottomed out". If some schools are succeeding 
somewhere, it is our hope that other achcoXs 
can also succeed. It Is only possible! If like 
every tub! daoh sohool rests almost on its own 
base (bottom), Xt does not mean that He school 
is alone in Its own Improvement, Or, it is 
like a solitary ship on an unchartered sea, 

Vi thin the available resoarces! it is the head 
of the institutions and his staff who finally 
determine how each paise is to be spent at their 
sohool with no bolds barreds* Ihus this sbhooX 
is free to raise its own reaotiroes too, XastXy, 
the fOQus of improvsmmt is on the whole ecdiool 
within its own oommftnity setting• 

Competent teaching or professional sexvioe 
education is not at all a mere mixture of liberal 
sduoatlont subject matter^ competency! pedagogy 
and vocational reflections. In the language of 




Cheointry* It i 0 & conpound vhlch doed not 
share the properties of any Its oonatltutents* 

This, in other words, moms that the (luillty 
of educatJon does not depend upon teachers or 
modules/textbooks alone. Or, does it depimd 
upon the facilities available at a f^ven school ? 

Again the answer Is a big Ko 1 Why ? It Is the 
necoBsity rather than the facility which is the 
mother of invention* For example# dlffer^oea 
in eahool faollitl. ee and re so*) roes marginally 
influence the lne<luallty in school test aohre* 

!lJhere is no such direct input-output relationship, 
a point yet to be grasped by the research 
institutions. We have instead, to et'tdy the 
growing interactions among these variables and 
judge where to strike at the light moment (CSolemetfi's 
report)* John Holt, for example, was not far wrong 
when he said that the^e are no essential differences 
between dull and bright ohlldren because the formed 
forget before tho examinations and, the latter# 
after it. He drew thle conclusion while having 
a close look at the functioning of the most expensive 
aohoola in U*3.A* One should not be least surprised 
if reaearoh says that achievement at school can be 
enhanced if teachers entertaitt positive images 
about tnelr students who are actually dull. Its 
vice-versa Is also true (the pygBBBallion school), 

Ohlldren are by nature very caxions and eager to 
leana in the environment in which they live* Eeaearch 
on reading sfxs that with them# any method cf teaching 
works* fhe Piagstlan research says that upto the 




the of tout ohlldren continue to develop 
their own ideas regardless of the typology of 
school8* If adolescent paplls get into the 
habit of suMoantlng their self imposed rostilctions 
on their thought processes* their individual 
minds become experimental during mid adolescence 
and early adhlthood. A situation is fast 
developing in our country where children are 
rejecting not only their teachers but also 
their schools. If true* they are in a position 
to help themselves. 

We are now talking of education for tomorrow, 
ney, for th 21 st century. We are now trying 
hard to revamp eveiything ii^ our educational 
syetem on a massive scale novor witnessed before. 

Our schools will never Improve if these remain 
the hands of defeated school masters, teacher 
educators and abondoned administrators. Ifelther 
passing of the buck not the art of flattery Is 
the helpfhl measure in educational improvement, 
aohools have to take the character of woxteshops 
rather than wordshdpe so that we may suoosed to 
lay bare the dynamism underlying our traditional 
mode of schooling. Schools will oontinue to inetmct 
and educate and, thereby, function at an inferior 
level if we cease to reflect on what we are doing 
in the nsne of schooling. Hot to do so is to 
court medlaority* ^ohn X. Goodied has aptly 
remarked i* 




Ibmorrow* e eyateia of ffducation -hIII 
oYolre if proaent arran^omontH are dynamle. 

But if ve dig in our laaele# ))eoome defensive 
of what now eziste and ongago in Improvsaont 
only at the edges» the echoole we hawe wlXl 
atrophy* tfe will continue to educate our 
children but not neeeeearlly In better ways* 

Surely* we can build from what we have* profiting 
from paet ezperiencee In eeareh for eomething 
better* (1) 

What about educational reeearoh t Life In 
educational reeearoh la built upon talents* beliefs* 
perfomanoea* and hablta of hard work* Better* If 
there la a leader too* Life In research la spent 
In exploration and weighing up of ofvtdenoe for 
the development of objeotlTe knowledge* Brrora 
do appear in judgement, still our educational 
eystiiQ laoka the research base and ocnaequently 
loaea Ita knowledge baee Inoreaaingly* Result* 

It loses Ita vitality. %e educational ieeuea 
become oonaeauently multl-dlmenalonal* Xt la 
better* nay* preferable to drop the problem rather 
than to aolve it fOr* We* unlike the Brltli^ 
the leaae emplrloal minded too when It oomea to 
solve eduoatlonml problems within the olaaarooma 
and outside too, Xt la not our case that our 
children are condemned to study the n .tional 
ourrimila meohanioally and unrefleotlvely* Unless 
a miracle happene* euch an educational race as it 
goes on today is going to take our nation down 
the hill* In this oonteact* we can make the following 
observations about the status of educational reeearoh 




in our Thost are i 

(I) It Is still oiystallizing^ so it lacks stf^tus* 

At the sane tine# it Is there heoauae the time 
for its crystallization is not far avay« 

(II) Prohlflue from the educational point of Tien 

or relevant to the needs of the country have yet 
to he formulated pzoduotirely. The transfer 
effects of educational reaearoh findings to 
Bohool systems and oXassroom use are to minimal to 
mention* 

(lii) There is no distinct dlffermco hetween the honafide 
researchers; and the organisers as veil as documentors 
of researoh* The lattor usually rebuke the former 
for what they have not done* 

(iv) There are few reeearohers In education In this 
country who have developed life long research programm 
Ve do not have our Ipeaxmansf Tygotskys# CattellS) 
Vernons# Piaget and Plagetlans around. So the 
eduoatlonal Siberia Is hardly oultlvatsd oontinuously, 

(v) Anything goes in research* Finding are not 
checked and orosB«oheoked, At the same tlmsv hardly 
any quality control is exercised aa a matter of 
routine* In other words# findings go unohallmcged 
and are usually accepted unoidtloally* 
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(vi) Teachera have little faith in tralninii method b 
and use of reaearfh flndinga in elassxooma. Xhoy 
rardly reflect over their practlcea^ 

(vli) Educational reeearch ia a field in which there are 
no atakear no reoognitiona and no rewarda 1 There 
are workers who cry for cond^oting reeearoh. Whan 
helped, time i a past. 

Let this nation not become the viotlm of its 
own miajudged currionlar and examination refoms, Let 
her look within for the real aplnga of action for filling 
in the black box mi seed by the behavlovrlats* Its Inner 
development la well llltuninad by the developmental payohologyi 
Let ua now see how the child gses about the bueinaaB of 
oonatruoting and reoonstruotlng his own houea of knowladga 
whan Piaget happaha to ba the current star* 

An Eye 

to 

The davelopiaental view of learning 

Eduoailon, as field of ln<;Luiry aa 
wall aa praotioa* ia very aaay to verbaliee about if not 
understood. Its inherent beanty is that the more it 
is understoodt the lesa it Is grasped. Even the Various 
Parameters of a slmle term like * ohild*»hood' oannot be 
precisely apeoified* The so called principles of teachinkt 
which have aoiulred natural statue over the years^ hardly 




clarify anything psyobclogloal vhm it ccmea to the 
teachin^laaJtiing pro0000 In our day-to-day cla«0rooiaa. 

The record of the contribution of educational psychology 
to the development of ed'ication over a period of 100 
yoars or so is least flattering. The clerical system 
of education has done a lot of havoc both to our 
educational system and the natural development of 
children. lilstorioally speaking^ we missed the first 
industrial revolution. We nov need not miss the second 
industrial revolution which has been knocking at our 
doozvatep for the last several years. Iiore» undcubtadlyi 
our eucoesB depends upon the quality of mind developed 
at school. Our present-day teaohlng-Loamlng prooeas 
has to he simply reveraed. It has to be based upon the 
processes cf thought mther than its productsi and that 
too in ah open frame of reference* In other words* 
questions and anovers have no longer to remain fixed 
for years as la the case today* The whole teaching- 
learning process has to be characterised by flzmness* 
dynamism and discovery at Ihe same timef resulting in 
the salf-laamar who is his oim boss In disciplined 
imagination and thought as well as action* Tc that extent 
he becomes an enlightened soul chartering his own coarse 
away from hla own immaturity within the Cfeataltean 
context of integration with other variables# say# 
Intellectnalf social * cultural and the real world of 
work. 




The developmental view Pf learning, If taJcen 
aeriounly, la an alternative, rather anti-edncation 
eyatem which has heeh talked ahout and advocated 
eerlously, at least for the last twenty yoare or eo# 

Its greatest exponent In this oenttrry was Jean Piaget 
of Switzerland* According to Piaget, child ic easentlally 
active. It Is in hie nature to learn, l^ey, It la in 
his nature to go on learning and learning as well as 
refining his ideas continuously. He dlstingulahad between 
development and learning but, at the same time, he, in 
his sohaae, ewbordlnated learning to development, Any 
normal drild in his view is ^uite capable of forming 
sound soientlflo and mathaftntical oonoepts. Kelevant 
iQ^co-msthsnatioal struotures develop as naturally in 
him as, say, learning to walk, for the latter type of 
learning, he need not be aware of the lavs of locomotion. 
Failure, of course, is there in abundanoe but is is immaterial. 
Why? The reaeon is that he is in a position which is 
going strong every moment, for he does anooeed in rectifying 
his mlstskes and thereby master his failures in the end. 

He thus becomes quite capable of using his own reasoning 
faculties for solving probl^s In his own environment. It 
is not all a ease of nasty stsp towards self-sdueatlon, 
the chief distinguishing oharaoteristio of any first class 
educational system anywhere in the world. The continously 
reasoning individual is not at all a lonely figire or a 
oold-blooded creature. His view, on the other hand, is 
that maturation, experience (bothphysioal and mathenatlosl), 
social interactions and equilibrations (each one higher 
than the other) play their role in spontaneous develcpment. 
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Let asf therefore, concentrate only on Haf^et here* 

Man and Hla Works 

The wrk of Jean Piaget (1896-1980) la little 
kno;m in this country* There are many reaeona for tMa, 
the chief being that he wrote profusely only In French* 
Secondly, he vae a Tory difficult author to underttand 
because he took too much knowledge for granted on the 
part of his readers. Thirdly, having been trained ae a 
zooXoglflt, he developed imaginatively the biolof^oal theyry 
of knowledge for which he developed his highly speolallsed 
vocabulary drawn from his own intensive Investigations on 
molluskst organisation, adaptation, reiersibility self- 
regulation, co^izanoe, o<iailibration, etu* Over the 
sixty-year period, he wrote about 90 original books and 
over 1500 monographs, papers and artiolss* He observed 
his own dilXdren closely* played nashles with other, and, 
using a semi-sclent iflo method, traced the origin of 
several diverse unlvereal oohtents. He did not atop at 
this but, contrary to the tradition of John Locke, David 
Hume and X« Kant, attempted to provide experimental answers 
to the age-old philosophloal questions about the nature of 
knowledge# It is of interest to point out here that these 
problems were raised right from the times of pre«*E!ooratlo 
philosophers 'c.a he attsapted to solve in his own unique 
way. He, thereby, founded a new branch of knoidedge called 
experimental epistemology* The philosophers of the day did 
not acknowledge him as a person of their tribe and, in 
retaliation, he did not regard himself as the one interested 
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In pgsrohology* edaoation and ohildren* A.B oontrovergy 
on oontro^eray ensu«d« lie oontrllinted abundantly tc tie 
whole field of peyohologyi perception, reaeoning, 
intelligenoe, dreams# moral development# epaoe, time, 
play# thinking from early childhood to late adoleecenoe# 
physics# mathematics# biology and logic. Some of the well** 
known books authored by him are *. !Phe Iian/^af5!e and fhott^ht 
of the Child, Child* s Conception of the Phyaical World# 

The Origin of Intelligence In Children# logic and Peyeholef^yi 
The Crowth of Logical Thinking from Barly Childhood to 
Adolssoenoe# Qsaetio Spletemology# Insists and Illusions 
of Philosophy, The Origin of the Idea of Ohanoe in Children, 
and The Grasp of the Consoiousaeis* Nobody# even beyond 
a few kilometers away from Geneva in Mtserland, really 
understood the full import of his works* It is of interest 
to mention hers that almost the whole credit of compiling 
ihs allied works on Piaget in several volumes goes to an 
Indian couplei Sohan Modgll and Celia Modgll (nirrently 
based in aagland. 

Some Here Eefleotions 

The ancestry of his work can be traced 
to early intelligenoe testing in Paris# Trance# by Simon 
and Binet, Acoldentlly# he discovered there that pupils* 
errors on Intelligeaoe test Itms provldsd substantial 
clues to understanding the nature of intellectual develop** 
ment. In his entire work, he did not care to determine 




the reliablliljy and validity of hie 6xpe3?lmantal taeke 
used for etadying intellectual operationa, laateadi 
he defllgn®d hi a om Intellectual operationa* In hia 
work^ ho ralaed the atatua of an ordinary child to that 
of an univereal child, i^s already hinted at, his 
technique of collecting data vas too slack and shoddy, 
Kqually true was his method of recording and presenting 
data for which he hardly touched any etatisties far 
beyond frequenoy, mean and percentage* In his wotk, 
he did not make use of high speed computers which 
invariably is the practice todiiy in carrying our solentiflo 
research* Still, he suooeeded to relate the findings of 
his diverse studies to the origin of knowledge via the 
pupll*"^ mind, for he took the growth of epistemology 
seriously. In sum, he provided insights into the varied 
ways the universal ohlld ©jss about the business of 
developing his own inoooplets house of knowledge. He 
was careful enough not to take any definite position on 
the nature-nurture controversy* Vithout meddling with 
the word • qroativlty», he explained how the human mind 
goes on creating noveltlesf each more exciting than the 
other, over the years. He also believed that a teacher 
cannot give an idea to his students and, thus, distinguish 
between false knowledge and true knowledge. It is 
peihapa in this context that John Holt in his book *How 
Children Pall' talked about the dlffennots between dull 
children and bright children studying in the highly 
expensive schools of imerloa* According to hto, dull 
children forget before the examination and bright ohlldr^i 
after the examination* In the Plagetlan context, on the 




other hanA» teaching metme creating eltuatione in wMoh 
the tinclerlylng struotureg or conoepta are pnpll-invented 
throfi^h exploration. Unlike L.S. Vygotgky and J*S» Brimer» 
Piaget did not he^iere in the acceleration of mititaX 
development* Her therefore^ etresaed educ:;tion for 
underetanding, pzoh^em-aolvlng and finding* He appeared to 
he silent on punighmentf reward and motivation* Selecting 
cognition at the ftindaaenteX varlahle for Intengive 
Boratohlngt he ghcved that action la -111 e haeio of all 
knowledge which Ig replaced conUnuOagly hy a sezleg of 
continual reflection ineide the head of the growing child. 
Learning hy doing alone is Inadequate If it ig bereft of Xeamin 
hy thinking or reflecting. !Ehe everlaetlng nature of hlg 
woxk h«„oked up hy hard evldenon oan thug he appreolated* 
fo ixiuatratei a child ig not ediaply a goaled down adult 
heouagg both gee the game thing in a different way. Childhood 
lg» therefore* not a neceaeary evil which is to be tolerated 
at any cost. Nay* it la an Inggparahle part of the whole 
development ae understood logically hy the adults* 

Stages and Success 

InteXligenosi according to Piaget, develops In 
four stages. These are i sensory motor {0»2 years) r 
pre-logloal (2-7 years)* concrete (7-tl years)* and fcw^il ^ 
(11-15 years). Before his death, he hinted at the possihlltty V 
of a fifth stage which extends from 15-20 years arfi takes 
Into account aptitude vaa^lations as well as hlgiily varied 
individual career commitments, fhis stage is now seen 
against the less prominent, general intellectual development 
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of the preooain; stages* Returning to the first stage, it 
l 0 of little educational slgnifioanoe but, at the earns time, 
the fotmdatlon of practical Imowledge or pre-virbal 
learning is laid here. Minus language, hie mind becomes 
truly inventive duilng this statS'e* Thinking during the 
second stags, resting, of oourae, on the first stage, is 
transdttotive. In other ifords, it is from partieular 
without underlying any generality. Thinking here is 
self-centred beoauee a child makes judgement the way 
he sees the situation. At the third stage, his thinking 
is dominated by the reality or the content of the situation. 
At the fourth stage, the earlier situation Is simply 
reiersed and the adolescent pupU lives In the world of 
possibilities and Ideas* He la now In a position to set 
up all sorts of hypotheses and test lach of them experi¬ 
mentally through control exporlmonta. He la, thus, in 
a position to pick up the various elnents of ecimtific 
methods, Piaget does not stop here, for he suooeeds to 
hook the various scientific patteme of thought to the 
origin of knowledge as seen historically* In hhls widest 
theoretloal frame of reference, he also enunciated condltlone 
under which thought moves from the lower stage to the 
Mgher stage of developBent. It 1 s interesting to note 
that in the onrly etage of hie work, he literally ran 
away from psyoho-analysl#* But towards the fag end of 
hie life, he did explain how ooneolous, pro-ooncious and 
unconscious hang together. 




Underatandlng of the World 

There ie distinct difference between child 
tho ight and adult thought, let ue nou mention briefly 
hOTf the child begins to look at the wrld within the 
framework of nine universal contents which poeeeas unlvereal 
inter^'et and appeal. Due to the paucity of epacep let us 
confine the scope of diseuRsion only to the first stage 

and the fourth stage of Intellectual development as propounded 
by Plaf':et Is t 

1* Action 
2. Ob;)eot 
3* Space 
4« Time 

5. CaUttUiity 

6. Play 

7. Imitation 

8. langua/^e (2) 


3» Contents 
No. 

Sensory Motor 

State 

Poxmal Stage 

t• Action 

fiepresentatlonal thought 
mergeB from reflexive 
physloal actions* 

It operates in a 
wider context and 
is a function of 
the Piagetlan logic, 
fay, oonbinatlonalf 
propositional and 
iNSO group. It la 
a kind of idealised 
situation. 
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S« Contents 
No • 

Sensory Motor Stage 

9ottal Stage 

2. Objeote 

Initially# there la 
no concept of peimanent 
objects* It develops 
during this stage. 

Objects no longer 
disappear efven if these 
are out of mind too. 

Conservation is 
superseded* Instead 
thought becomes 
hypothetlo- 
deductlve In nature* 
It is a function 
of the Plagetian 
logic# namely# 
combinational and 
propositional. 

3. Space 

inhere is no concept of 
space in the beginning. 
Immediate space Is 
oonoeptuallzed at the 
end of this stage* 

It now appears 
as relative 
space, 

4* Time 

fhe oonoept of time as 
suoh does not srlst at 
ihe bellinning of this 
stage. However# there 

Is Qoroeptuallzatlon 
about short Intervals 
or sequenoe of durations) 
tea timti meal time and 
play time. 

Ijlr new appears 
as relative 
time. 


5. Oaueality Initially# thare la no Idaa nov Is tasted 

oonoept of oanee and thiongh oontrolled 

«ffeot« Hoirever# towards experimentation# 
the end of this stage# for example# 
there Is oonoeptnalinatlon exclusion of 
of simple Qause-'Sffeot Tarlables^^ ^ 
relationship# 





9i Content 0 Sensory Kotor Stage 
No* 


fojBal Stage 


6 * FXay 


Smbollo play appears 
at the end of tMa 
stage from the 
repititlon of roflirive 
activities. 


It gives vay to 
fefXective abstraction 
and hypothetioal 
thought* 


7» Imitation First deferred imitation It gives way to 

appears from reflexive reflective sbstraetlon 
activities and hypothetical 

thought. 


8. Self Ihere is no concept of Reduced ego*oentrleis 

Self as such In the gets further reduced, 
beginning as it stands Insteadf Ideal self 
merged vlth the environ- appears, 
ment* However^ there 
develops gradu^ 
oonsolousness of 
differentiation of 
•elf and others* 

mr 


9. language First language appears Fraotloal language 

vhen there was none In gives imy to abstraot 
the beginning. language* 


k fev oommenta here are (lulte relevant for elucidation 
purposes* First* the child uses the vatloae Parts of his body 
in leamlngi hand* grit feet* ear* head* tongue* and nay* even 
the skin. He tides to draw full benefit fron various motor 
reactions In his peroeptuaX field. He tries to lay his hands 





on anything vhloh la within his rsaoh* 'Those are in a 
way his teehnoXogiee or seans of anting on things and 
ohjects. To IXlustratoi he has not to ho taught how 
to put hls fingers Into the hoXe of a towel or a handkerohlef* 
Why? He does thr; entire operation unaided. Problems 
however^ arise when he tries his hand, say, on bottXesi 
looks and power plugs* At this stage* care as well as 
caution by the adult is a must. At the same time* he 
still retains tho option and Is In a position to communicate 
with others* Thus elucidated briefly Is ihe Plagetlan 
concept of action* Prom this Initial learning obtained 
on hls own, the child Is able to expand hls efforts hot 
only within a given set of situations hut aoross the other 
on learning and re-learning oeaBeleesly. In fact, Ms 
progress is endless In all directions but stands little 
dooiimented in literature* The point not to be missed at 
all is that the idea In the head of the Individual child is 
fully free to go anywhere and develop Itself in any way 
It deems fit depending upon the paseionate pursuit of the 
kndlviduriX oonoemed. If It happenst he no longer than 
develops problem-solving strateglss haphaaardly And 
Inefficiently, Here* the (^estaXtean advioe Isf Ttaoh 
organically* let us now quote some research findings 
on the formal stage in the form of key statements* 

Some Key Statements 

It is difficult to rsview all researches In 
this area* Some reviews are already avahkabls* It is 
not easy to Interoonnsct the findings fimly because of 
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varying obj«otivaB» tasksi ofisipleef tools and tests and 
the modes of Interpretations. All these findings when 
consolidated hoil down to the following conolnoione i 

(a) The huiaan aind is highly dynaaic. It acts on 

its own and thus possesses cinlte a hit of spontaneous 
thought. It Is a readily available reservoir of 
continually developing thought which, on close 
reflection and controlled expertmentation, can he 
used easily for the developaent of various concepts 
underlying several school subjects. 

(b) The oonorste operational stagn is quite dominant 
among notmal adolescent pupils. Whereas adolescent 
pupils are in a position to set up hypotheses, they 
are Act In a position to test th«n. In other words, 
their minds have not yet heap me experimental. Further 
they are also not in a position to exhaust all the 
poBslbl^lltlos or oonblnations and peimutatlons# At 
best, they can test one variable at a time in most 
of the Oases* 

(o) They stick to their thoujdit finaly* They also 

enthuslastioally prefer to test their Ideas in the 
first inetanoe. When compelled to think, their 
erratic Indi^dual processes of thought appear to 
suffer hanip(e)> before indliddual concepts finally 
settle down in their individual heads* 




(d) There appears significant relationships between 

the scores on fozmal thought and the sev^eral outside 
Tarlables# namely# mental age# grade and age# sane 
personality traits# socdo-eooaomio status and the 
type of Bohool management, sex differences favoiiiing 
boys in probleiii-»sol7lng exist but these need to be 
etudied In relation to race# country, religion# 
rural/urban divide and varied oonditlone of schooling. 
Here our limited observations aret 

(1) There are no sex dlfferenoee in problem*^ 
solving if boys and girls are treated 
equally at home. 

(il) There are sex differences in pioblga-solving 
favouring boys# if boys and girls belong to 
backward areas of the region or districts. 

(Ill) There are no sex differences In piwblsin* 

solving if both boys and girls belong to the 
bottom group. In the top group# they try 
hard to succeed and equalize their perfonaanoe. 
However# there is a general tendency to think 
maximally among all adolescent pupils on the 
Piaget-type ta^s# These tasks definitely 
fire their imagination for quite a long time. 

(e) It needs to be streased that different school 
subjects daaand varying amounts of formal thought, 
Kathematioe and physics dmaand the maximum. 

Secondly# the role of past experience and hints 

XX 


;fyv 




and oluen Is little anderatood In problem*solving* 
Hints and olues only favour thonse vbo are at the 
transitional stage of mmtal development! that isi 
between the conorete stage and the fozmal stage* 
thirdly! whereas a probloa la solved In stages# 

It Is at the same time very difficult to specify 
sharply the Parameters of theee stages* The 
concept of stage simply serves a practical wid 
from the teachers' point of view* 

(f) The ver/ language of Piaget an well as of the 
Piaget*type tests is deceptive. It Isi therefore# 
essential to establish eq.ulvalenoe among the 
Various tashs emplriaally* Otherwiset it is 
dlfflouXt to reooncile oontradiotlons in varlcus 
findings, POr example! a problem supposed to be 
formal may turn out to be a concrete one and vice 
versa* Secondly! there is seen a sufficient time 
lag betveen the experimental solution and the fbimal 
solution* 

(g) Like Piaget! teaohers ehould Xislien more and store 
to the inaocurate answers of their pupils* On the 
basis of knowledge thus gainedpthey would be in 

a position to Improve their strategies and tactics 
of teaching* Secondly! it takes time for sohsnes 
of thought to develop* In lhot| their development 
from year to year Is too gradual# laborious and 
slow* However! content and Instructional Intentions 
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arQ gome of the faotore which definitely influence 
leading* SThlrdXyf eelfrleamlng and x)tipil-»to«pupll 
interaction in dace may be encouraged and search 
be made for promising reefiltsi If any. Pupils may 
thus open up in their o^m learnings unaided, lastlyt 
pupils use voids rnetamorphioally. Our laoh of 
knowledge about where to hammer at rather than go on 
hammering all the time makes access to the child* s 
mind dElfflcult, 

(h) Psyohcmetrlo and developmental studies on Intelligence 
have yet to converge. There are a number of cobwebs 
yet to be removed from the theoretical point of view. 

It is worthwhile to explore whether there is a distinct 
possibility of a fifth stage to appear on the 
scene. Its existence had been hypothesised by 
Piaget towards the end of his life. It would th«n 
take care of aptitude variations and career 
eommltsiente on which Piaget had little to say In 
his writings (3), 

The role of the teacher as an agent on intervention 
says but In an entirely different oontext» the context 
being the framework for facilitating learning as propounded 
by the National BXuoatlon Policy of 1986 where the teacher 
no longer acts as if working at an academic pump* In other 
words, when the developmental view to learning Is kept at the 
focus, children not only en^oy varied learning but also 
work to their oapaoitiea fully* Nnlntendly, the preset 
day teaching process also gets decentralised for new stimuli 
rather than responses also gst mastered over the years. 
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This laI IntereBllngly enoughy also advocated by tha 
National Education Policy* 

Impaot and Evaluation 

It la* thua* strange that the Plagetlan 
syetem of thought had little to aay on education* iTrue* 

It does not generate variable as veil as testable hypotheses 
via psychoffletry* But hie vox^ is supported In principle 
far beyond the bordere of Svltserland including India* Any 
piece of psyohologioal research conducted anywhere In the 
world reciains out of tune without reference to his work* 

He safely pushes aside the basic positions of stalwarts 
like Sigmund Preudy J.B. Ifataon* B*F. Sklnnery Max Verthelenery 
I.S* Tygotskyy J*S* Bruner and Eurt Lewtn* He thus occupies 
the topmost position In the field of developmental psyohology* 

It isy thereforsy least surprising that his work has evoked 
simultaneously widespread acclalin and ridicule* taking an 
overall view* one would have heard little of the science 
•undouluo improvement project in the tr, s*Af # and the Nuffield 
Science projects for the youngsters as well as 5/0 science 
project In the UK. In Australlat E*P* Collls and J*By Biggs 
would hafe been In a pretty difficult position while 
developing a SOIiO taxonomy (structure of Student* Beaming 
outeomes) nearly at par with Bloom^s Taxonomy. At home* 
the writer would not have worked on the factorial structure 
of adolescent thou^t within the developmental context for 
years; run an Individually accelerated sdsnoe teacher education 
pxojeot; developed a Science Teacher Behaviour Inventory; and 




hinted at the existence of Huap effect during prohlem* 
solving when substantial depairtures are observed within 
hie general development of logico-mathematioal struoturee* 

And the Modgll couple would have be(^ hammering at something 
else in En^and, It is easier to see the relevance of 
eeveral educational Ideas and projects ourrontly at work in 
our country, Examples of such projects are * The HoehangalJad 
Science Teaching Project In Madhya Pradeshj The Mlranbika 
Experiment at the Mother* s International School, New Delhi, 
and the regeneration of the Pushkar Valley Lakes system In 
Ajmer In which education, development and employment are 
lnte3>hooked firmly. 

If to study knowledge Is to study man, our knowledge 
about the human mind then stands highly enriched abundantly 
because of the Genevan works charaoterised by speculation 
as well as slipshod ixperlmentation. He founded experimental 
epistemology in the true tradition of scholarship trailed 
earlier by the greatest philosophers of all times# namely, 
Socrates, Plato and Aristotle about 2500 years ago* 

Pinal Ewarke 

It is, therefore, in the fLtness of things t> 
read about suoh a great thinker who lived passionately for 
his subject. In his own time, he virtually defined the 
whole field of cognitive derelopoent. Why f The Answer 
Is that he was a great polymath who did not at all hesitate 
asking big Guestlons and that too in the rl^ order, 
coneidered dlflnitely out of reach by psychology in his times. 
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He pi07lded experimental answers to the age»old phllosophloal 
qtaeotions* It is worth reiterating that failure.in soieaoe 
Is not a rare enrent* At the frontier of knowledge* one 
hae to suffer being a Joker at times* when intially 
speaking* it ocmes even to suggesting* say relationehips 
between experimental eplstanology and the entire range of 
human sciences. Unfortunately* it is everybody* s Impreesion 
that It is Very difficult to read the Ptagetlan woiks* If 
read, it is very difficult to understand theft* if understood* 
it ie very difficult to write about th«o* if written about» 
there are misinterpretations galore. So to read him is to 
misread him. understand him is to misunderstand him. 
fo interpret him is to misinterpret him. And to Judge him 
is to misjudge him. In sum* not to reflect on his works 
is to court mediocrity, for he is trying to say something 
tiuite different end perhaps valuable too. 

He focussed clearly in his works on the life of 
the mind. He explained dearly why ohlldren given responses 
to his questions as they do. Hs viewed learning as a 
fasoinating strugi^e to be enjoyed and how it leads to 
restructuring of knodedgt ii an open frame of reference. 

And how* it is within the realm of possibility for practising 
sohool teachers* to enrich reconstruct school currioula 
imaginatively on the oheapi and that too* at the input level. 
Children are reasonable, capable end clever problaa-*solver 
too. When grown up, they shape scientific thought marvelously 
in their own unique ways. 




since Piaget ie now dead* he can be evaluated 
quite objeotiveXyi |aoh critic# whether he agrees with 
him or not, acknowledges the greatness of his worics* 

The whole benefits are ours if he Is unseated fre® his 
present position of prime importance by somebody's 
superior challenge* But it is in the nature of the 
Plagetlan ;|oumay which lets any one wortc ahead productively 
in thousand different ways in one's own area of professional 
freedom* Until such an historical hammer falls on Piaget, 
we should continue reading and reflecting on his woxks* 

Kay# his works may be replicated and tested at their 
weakest points experimentally* It is precisely this Henri 
Bergson# in O^teatlve Bvaluation# talked of when he said i 
To exist is to oltange# to change Is to mature# to mature 
is to go on creating oneself endlessly* 

Lastly# when the child is placed at the oentre 
of education flmly, it is advised that everything be not 
pre-deteiBined for him* The soalee of teaching# learning 
and testing of environmental experiences including 
experimentation need to be tilted fixmly in his favousv 
In other woidsi children need to be given a lot of say 
in their own davelopment and education* Othsrwiset our efforts 
are going to be oounter-productive in every possible way* 
Raising percentage of aohieveBent# though desirable# is 
not going to solve our educational problens* We have 
accomplished our dob if we help children to help thsssslvss* 




let UB rememter what the Chlneae philosopher 
Lao-Tse said ; 


If I don't drive among people they look 
out for themselves* If I don't preach 
at people they become themselves. A 
leader is beat if people hardly know that 
he exists. A leader Is not so good if 
people obey him and dheer him. a leader 
is worst of all when they soom hlm« About 
a good leader who eaye little^ when his 
work is done and his goal aohievet they 
will all eay "we did it ourselvea"* (45 


And thle is what Oonfucina, Buddha^ L.S. Vygotakyi 
Qendhi, Tagore and Vlnoba# a few out of the many» have 
been hammering at for years In their working livea* 
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SINCE MAN has always been a csassless onguirsr into 
Si^iiantific r tschnical and social studies^ his concarn 
,for the development of children/ teachers and teacher- 
educators is growing in importance. Educational ideas* 
like scientific probings# did not develop in a vacuum# 
and they have their principles 'rooted in the wisdom of 
the ages#' traced back to the ancient Greek thinkers 

like Socrates and Plato. Since then the ideas of many 

great thinkers# representing different disciplines, have 
been, woven into the fabric of current educational 

philosophy and practice. And Jean Piaget drew heavily 
from this great philosophical reservoir. While doing 
so# he appears to have paid back his ancestral debt 
abundantly in his own lifetime. For it is impossible 

to imagine today a cognitive study without any reference 
to his work. Whether one agrees or not# a dip in the 
'Ganges' of Piaget does affect one's outlook on 
eductional problems. Why 7 Because he presents a series 
of challenging! syntheses as obtained in the rationalist 
tradition of Plato# mental categories of Kant# the 
Bergsonian notion of perpectual change# the findings of 
Gestalt psychologists like Max W-^theimer# the use of 
logic for interpretation of thinking (classes, relations# 
grouping, reversibility and equilibrium), and In the 
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Bfivelatory statements made by personalities like Calvin^ 
Rousseau, Pestalozzi, Claparede, Binswanger, 

Bleuler, Rorschach, Meili, Jung and Sechehaye. 

Philosophical problems present themselves to the 
philosophers, perhaps in the true tradition of their 
beloved field of enquiry, in unsolvatale form. Piaget, 
while still remaining a firm speculator, succeeded in 
psychologically tackling an age-old epistemological 
problem as enunciated by Plato: "How and when can man 

be sure that this knowledge is true knowledge, when 
time and again he finds that what he took to be knowledge 
has proved to be knowledge has proved to be error". 

In this, he not only substituted the fairly 

well-established scientific procedures with his 

own Methode Clklque, but also constructed his own 

symbolic logic for interpreting intellectual operations 
as they develop from the very earlior childhook to 
late adoleacnce. He thus showed how a child, nay, a 

'universal child',goes about the business of 
constructing his own house of knowledge. Continuously 
challenged by this problem over a period of forty years, 
he came up with this grand hypothesis: 

Development is continuous not only within 

the individual but throughout all 
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evolutionary levels. From the biological 

to the social to the intellectual levels, 
the unity of nature is preserved. The 

functioning of the loveliest molluak is based 
upon the same fundamental processes as that 
of an Einstein. 

The Nature of the Problem 

Thinking is a 'ghost’-like activity, for it has 
to be inferred rather than observed. Injli terature, it 
has been referred to as ‘'abstracting, analysing, 
comparing, deducing, defining, discriminating, 

estimating, generalizing, guessing, imagining, judging, 
knowing, opining, reasoning, recalling, recognizing, 
reflecting, remembering, searching for conclusions and 
understanding". While going ahead, one has to cross the 
territory of 'concept formation,' which again jturns out 
to be a vast area of investigation in its own right, 
having strong links, but not identical with, such complex 
psychological processes as thinking, learning, problem¬ 
solving, language acquisition and symbolic 

representation. If this journey is further continued, 
one enters the complex areas of problem-solving, 
creativity, critical thinking and originality, where on© 
is usually caught in a quicksand pit of definitional 
difficulties. One is very lucky, If for every milligram 
of information, he spends a quintal of effort. And at 
this point the distinction between original sense and 
original non-sense disappears. 








Not long ago/ the nuclear ncientiat Oppenheimer 
aptly remarked: " It io the bueineas of science to go 
wrong". Difficulties for the cognitive psychologists* 
therefore# go on multiplying# and for achieving success# 
problems have to be posed more and more productively in 
the phraseology of Gestalt psychology with a view to 
investigating tho complex processes of thinking# which 
may ultimately lead to the development of understanding, 
generalization# discrimination, concept development and 
attainment. The problems/ however# do not end here# 
because the researchers and the practitioners do not 
invariably ask the same question. These rplit-questions, 
and possibly the consequent split answe ra# are bound 
to appear in the business of any science, educational 
psychology being no exception. The workable solution 
under these circumstances lies in considering the two 
isolation as is frequently done in meeting the anolalioa 
in science. Tho basic problem hoce is to relate the 
most mental development of children whose answer goes 
a long way in providing the psychological structure to 
any one of the school subjects. Thanks to the recent 

efforts of Ausubel, Bartlett# Beard# Bruner# Plavell# 
Gagne, Guilford# Hans Furth# Hearnshaw# Humphrey# 

Inhelder, Lovell# Lunzer# Feel# Kraplus# Piaget# Schwab# 
Skinner# Suchman# Vernon# and Wallace# the protaleiti- 
terriroty In this decade has been sufficiently explored 
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and cona«quontly / khn problcins in piece like the 

discovery of fundainental particlera in atomic physics - 
lie more in the zoo rather than in the jungle. 

This waa hardly the cane over twentyfive years ago. 
The emerging literature of thinking clearly tells us that 
children learn spontarjeoualy, and they acquire schemes 
of thought r!-:< 3 ardlec;z of ochool influences. They learn 
from each other, and learn equally well in formal 

situations. At the same time, they also poasoan first 
hand knowledge about men, and their affairs in the 
immediate environment. This# however, does not amount 

to saying that the sun rises in the east or sots in the 
west. It only means that the child's thinking is not 
at all a chance or random behaviour. It is sensible, 
intelligible and predictable against the available 
theoretical pf’y'^hological conntructc. 

Problems Posed in the Pleld 

In this perspective, the field as a v/hole poses 

the follovnng problems which overlap each other to 
varying extent: 

(i) Specifically speaking, what are those conditions 
under which learning takes place maximally? What 
exactly is the role of hints and clues either in 
supporting thinking or in the formation of 

concepts? To what extent can concepts be 

downgraded? 
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ii) At wh.at ago is fornial reasoning rnsnifested among 
dilferent categores ot pupils? How is formal 

reasoning different frota concrete reasoning? What 
are the conditions that determine transition 
between the two stages? 

,iii) Hov; in thinking generalized in each of the two 
grades? Does it develop in stages? Is it possible 
to accelerate stages? What is the role of planned 
experiences in concept development and 

problem-solving? Is creative thinking also 

influentod as well ? 

liv) Does 'instruction precede development' (L.S, 
Vygotsky)? Is learning to take pJ.aco mechanically 
or from page to page within the textbook? Otr, in 
it possible tc nave children from cubsoguont 

teaching y once the initial learning has been fully 
acquired ?Quoting J.S. Bruner: "" Is it possible 
to get a maximum of travel of what we have learnt?' 
If so# what kinds of thinking processes does 
training generate under different conditions? Are 

they the same as the preceding ones or are they 
different ? Are they of temporary or of permanent 
character ? 

(v) What errors do the children exhibit at various age 

levels? Are they# psychologically speaking# 
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interprefcable? Is it poeaib.le to develop a niurseum 
of these errors ? Is it possible to demolish this 
museum through intorventior, ? What is the role 
of maturity in this connection? 

(vi) la learning possible in the absence of schemes of 

thought in relation to academic subjects taught 
at school? Do these schemes of thought have any 
psycho Logical existence or relevance? 

(vii) Why do the children tail to verbalize their 

concepts or methods or procedures» especially when 
they have, in fact, acquired them ? 

{viii)Do children regress in thought while solving 
problems? Lastly# 

(ix) How do the children coordinate information? What 

are the underlying mechanisms? Have they strong 

links with symbolic logic? Are they of any 

psychological significance as well? 

The present report is in two parts. The first part 

contains the following chapters which are: 

(1) Nature of thinking. 

(2) Problem solving. 

(3) The Piagetian concept of knowledge. 

.e 


> 111 « 
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(4) Sbudies on problem solving in science. 

(5) Accelerated learning. 

(6) The present study. 

(7) Teaching for combinatorial grouping. 

(8) Teaching for oxcliiaion of variables. 

(9) The final version of Hump Effect in problem 

solving. 

(10) Focua on education: a developmental view. 

The above mentioned chapters are not complete in 
themselves. So the second part of the study rontaiar. 
chapters which strengthen the various chapters of the 
first part. These aro: 

Further theoritical considerations. 

(1) Delving deep into science education. 

(2) The puzzling ways of science. 

(3) Developmental epistemology and tunciamontal 

problems.in the theory of knowledge, 

( 4 ) Piaget and education. 

(5) Improving formal reasoning; A comparison of 

variables training and strategy training. 

(6) Relationship between inolleetual development and 
scientific concepts. 

(7) Defining the process of science. 

(8) Process and product in science teaching. 

(9) Teaching science through discovery, 

(10) Improving classroom instruction in science. 
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The chapter "Puzzling ways of science" strengthens 

the Piagetian concept of knowledge on historico-critical 
dimension- 

The "Developmental epistemology and fundamental 
problems in the theory of knowledge" strengthens the 
Piagetian concept of knowledge in a highly abstract 
manner. If at the momont ia a critical appreciation of 
the Piagetian framework. 

The chapter "Piagot and education" supplementa 
pinpointedly some of the ideas cf.)ntainc?d in the Itaat 

chapter of part-I namely "Focus on Education - A 
developmental point of view". 

Ours was a short term project. It could not 

Investigate the relationship between intellectual 
development and scientific concepts. Hence a paper 
"Relationship between intellectual development and 
scientific concepts" waa included. 

There ia confusion between processes of science 

and products of science teaching. We have referred 
to these terms in the first part of the study. These 
terms are clearly described in chapters 8 and 9. 

If meanings of these terms is understood^ 
naturally, it is not difficult to understand the context 
in which learning by discovery can be handled in our 
classrooms. 

I ..... 10 
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We could not accelerate the thinking procooo ot 
10 year old children on the oiniplo pendulum problem. 
This experiment needs to be repeated with added 
objectivity. For this tho paper "Improving formal 
reasoning - A comparison of various training and ntrategy 
training" by Marcia C. Linn and Kovin Delucohi is highly 
relevant. This cxpcrimont then can bo planned/ doaigned 
and executed raore efficiently, 

JSvaluation is a very important term in midying the 
effectiveness of teaching. It in posftihle to improve 
classroom instruction through appropriate; loodbacks. 
Chapter 10 achieves this objective. 

Lastly/ the Pxagetian Questlonnairo wan developed 
for the benefit of future workers who cm pick up 
tasks from the quostionnedre for invi'.ii-,.ig>it i ng logical 
thinking over a wide age range. 

An exhaustive bibliography and glossary are so 
appended to part-I of the .study. Suggections for the 
iraprovent of this report are solicited. 
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Banjanlum Franklin 
in 

Poor RLoharda Almano 

Qeniaa la rara baoanaa tha maana of baooninn iaTa not bean 
mad a commonly awallabla* (1) 


Lnia Albarto Maohado 
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The Natare of Thlnkl&g 
and 

Problim aolTing 
Pellnltatlop of aoope » 

Homan 'thinking le aa vast and dae^ ao aea« Xt haa 
given an oar preeent day aolentlflo and literary oaltare i 
an aepeot vhoee root a can be traced to the dlatant paat* not 
a diffloaXt taakt But more dlffloalt» latrlgalng and myateiioua 
haa been the very Inveatigatlon of the phenomenon of haman 
thinking for In Ita entire hlstozy* It la only In thia 
oentnry that the expeximental aolenoe behan to Interoat 
itaOIf in thonght, David Bapport aptly renarka t 

The knowledge that thinking haa oon(|aerad for 
humanity la vaat» yet our knowledga of thinking 
le aoant« It might aaem that thinking aladea 
Iti own eye. But thla may be an lllualon« and 
the eye la pexhapa not eearohing hut only ataringt»> 
Whatavar Ita naturei thinking oonaa to the point of 
Inventloni dleoovexy and oraatlng only in aome 
human thingai It aarvea moat of ua merely to the 
point of at leaat underatanding what the fair )u{va 
eraated* And yat the dttMi atnff out of vhioh 
woxld*ohangLng thoa«dit la made la praaent in all 
of uat in the aantanoe « fra9&«i^n ot the httln 
Injuredt In the delaalona of tbo aohiaophomio and 
in the hahhllng of the ohlld* fbia la ita enlgaa (f) • 






H* further roslnds the readers of hie oUlldhood 
experlenoee at aohooX when he either heeltated or failed 
to anticipate etepe done for hjA hy the teacher* Hhy ? 

He further adds i 

Sieappointed and puszledi X aek ayaelf shy X 
cannot foretell the step, when it ie 00 self- 
ef^ident after X see it donsi I auat have asked 
this question oountloBS times before idien impressed 
and hurt in pxlde by adult omnisoionoe. But I have 
asked it oontinuoualy ever einoei the attendant 
shaae and blttemees nay have faded» the ourloueity 
and puszltfBent have not, 

She above statement adds to the difficulties 
of any reviever while surveying theoretioal stand points 
as well as speoifio researches on human thinking even with 
special referencs to soience eduoation at the school level, 
frlma faoie» there are four ways to delimit the range and 
Boope of this contemplatod surviyt by hlstoriaal survjiy) by 
Bubjeot mattsrt that Ist by drawing soientiflo oonospts from 
different branehss of soientiflo knowlsdgst by purposel and 
lastly! method with little reference to Boientiflo attitudes 
and personality variables* it i'^o bestt thsse four oategories 
are not independent of each otherf and henoe can be regarded 
as dependent dimensions which need to be fused with a view to 
see the entire speotium of human thought through a single 
crystal balli quits an impoisibls task I By suoh narrowing 
down! it may beoomo feasible to understand the spsotrun of 
thinking from the educational point of vlsw. It Is still 


s 




stressed that studies relating to animal thinking, 
human thinking (autistlo, assooiative, creative, critical 
and integrative)} language and thinking; concept fonuatlon 
(concept attainment as well as predictive relationships, 
abstraction, generalisation, memory, imagination, attention, 
believing, Judging) j comparative effectiveness of teaching 
methods or techniques} transfer of training or learning 
taeka and lastly, learning theories will continue to be 
valuable, fhe reason for this is simple anou^ because the 
present investigation deals with co^itive processes of 
thought from the developmental point of view within the 
problem solving context* It should not be loot sight of 
that not only the research litemture In this area is veet 
but also the major aim of cognitive studies in to describe 
the growth of concepts by detailing the underlying processes 
of thouid^t by which these concepts are acquired and applied 
to use* lastly, on examining the relevant literature on 
thinking, one finds that t% has been investigated from 
several viewpoints. 


( 0 S->R theories 

(3) Phenomenology 
(5) factor analysis 
(7) Accelerated learning 
(9) Boologioal psychology 


(2) Conditions of learning 
by Robert Cagne 
(4) Gestalt theory 
(6) !]?he Genova School 
(8) factor analytic view 
(10) Information processing 


If the philosophical, psychologioal and aplstemologioal 
rootings are ignored, the present study makes use of three 
basic motions underlying these two psychologies for 
investigating thinking. These three notions are t insight, 




ptoduotlve thought and the graduoX maatery oi thought* 

O&oe this view la kept In foouer It la then hot difficult 
to attempt acceleration of thou^t and that too of laating 
value* (3) 

Han thlnka and -tialnka on thlhklng» nayi he refleota 
again and again on vhat he thought* decided and did* The 
entire oourae of action* hypothesized and real* la brought 
under the cloae aorutlny of vhat we call "thinking^* He 
la* then* aet apart from animals who do think but to a 
limited extent. Hohler showed that even ohlmpanteea are 
capable of doaonatratlmg insightful behaviour* Sinking 
aa such does not fall from heavena* It aa auoh does not 
arlae all of a audden. It* on the other hand* develop a 
gradually light from the very moment man cornea Into the 
world (4)* The phlloaophera-* in faot, have invoatilated 
thinking rl|^t from the tlmea of Sooratea* Plato and 
▲ilatotle onwards. The loglolana* In fact* went a step 
ahead when they developed their own lava of thought tbr 
judging flowa In product a of thought. Bxamplea of the 
latter are t lav of identity* lav of oontradiotlon and 
law of excluded middle* At the turn of thia century* 
payohologlatB placed a lot of faith in faculty payohology 
which regarded mind as made up of several Individual 
abliltlea* eaoh amendable to training In laolatlcn* Initial 
auooeaa with It resulted In tie heory of Ihxmal dlaolpllne* 
a major educational aohlevesent whloh was exploded* later 
on* The pure payohologiete both Bttropean and imerloanf 
Investigated thinking from their hlidily varied stand points 
with little attention, paid to problems of olaaaroom 
Inetzuotlon. The educational payobologlatst on the other 
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handp exanindd thinking throu£^ themedluia of pxobleB 
solving hut the actual process of thinking eluded their 
attention* For exampley G.E* Spearman regarded the 
folloidng these principles of slgnlilcanoe in thinking^ 
nam^^r "apprehension of ezp«;lenoe» education of 
relatlons'and education of corr^ates" which are quite 
sufficient for ea^lalning the entire epectrum of intellectual 
behaviour (4). On surveying the relevant literature! It 
appears that the following aspects of thinking have 
received attention over the years# These are i Abstracting# 
Analysing# comparing# deducting# defining# estimating# 
generalising and understanding. It has also been applied 
to a determined course of ideas* feelings# Ibsattlatlon of 
piopositionB for, Humphry thinking Is equated to problaa 
solving* Gestaltists have emphasiaed upon the perceptual 
and problsft solving aspects (5), Barhelt views it as a 
high level skill in which syahols# shapes# oolours and 
words assuvs importanoe (6), 

Peel has distinguished among four kinds of thinkings 
Thematio, Explanatory# Produotive and Integrative (7), 

Busell suggested his own scheme starting with 
stiaulus patterns (internal/ external) thou£^ materials of 
Thinking (Perceptions# Images# mssLorles and oonoepte). 

He oonoluded that thinking is amenable to leaxnlng (6), 

In "The Bnoyolopaedia of Bduoatlonal Research"# 
Wilhelm ^ # while surveying the area of thinking# has 
pothesised that whereas the materlsls of thinking 
numerous# the number of processes appear to be 




and h«re» 'research duta being inooiaplete and 
"Fjorn the above It le clear that Is difficult 

to define thinking and even when its 

explanatoiy oonoeirts themselves become auspeot and 
consequently require further explanations.** 
fhe vbole position on thinking is well summarised in the 
w>rd8 of Heainshav when he says that thinking need no 
longer remain a gboet like activity. It le Invariably 
as well as Inseparably linked with the personality variables 
of the thinker him self. 

Thinking oan be described as Inferences made 
from possibilities* evidence and goals that are discovered 
thioueh searching* This is a flna fzame-^zk as the 
starting point for thinking. It is dlffloult to image 
"dFlROH" in the absenoe of goals* possibilities and « 0 Vldmoe 
Including use of it. In a way* these are mutually related 
to each other* idhlle examining* eay* a belief* one oan 
see the rdevanoe of certain types of thinking such at 
learning from observation* settingup posaibllitlee and 
testing th<sB (eolentifio thinking)* detecting the sources 
of trouble (dlagnoeis)* discovery of general rules and 
principles (reflection by philosophers and linguists) and 
prediotion of results. In some oases* use of Insight is 
also helpful* Itaatly* we also reflect our social relation^ 
ships and* in the prooese* seek satlafaetlon* reward and 
sucoess* a case of behavioural learning. 

In this search infemce framework, thinking is 
obstructed because of certain reaeons which are i 
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(1) Whan one think too much 

(2) When searoh made falls to see the relevant/slgnlfleant 
fact/ con oep t/ detae t 

(3) When we Infer on evldmoe which is ehary and one Is 
ohesled by preference of a partlonlar possibility. 

Ihe study of thinking Is important because the 
spin off advantages lie In several dlrectionsi For example* 

It Is the main job of the school to enhance the oo^tlve 
growth of the pupils under Its charge. Now it is being 
said Inoreasin^y by mdiy people of ell shades that it Is 
the main job of the sohool to enhance the cognitive growth 
of the pupils under its charge. It* In other words* means 
it is their job to teach pup lie/children how to think. Nay* 
th^ say that oWLldren, adolesoente and adults lack thinking 
skills idien it oomes to solving problems which are personal* 
soQlal* eolentiflo and technical etc. They lack abilities 
to wzlts and communicate reflectively and oreatlvely too. 

As the study of thinking Is as old as man himself* philosophers* 
psychologists* educators* teachers* eoonomiets* decision 
makers (solentiets and computer soieutlsts as well) apprcaoh 
the problem of thinking in hl^y diverse ways* 

It will be Irrelevant if no reference Is mads to 
ths woxks of John Dewey idio dominated the phlloaophloal and 
eduoatlonal soene during the flinst half of this oeatnry. 

He equated it with problem solving and thus avoldsd the 
pitfalls of both traditional emplrloliaa and a prior rationalism. 
He clearly brou^t out the "Byle* s ^ost" from the machine 
and subjected it to empirical scrutiny tied to purpose. 
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Reflection on It no longer ranalned distent* % ? 

He regarded thinking ae a function of an ohstaole In 
the tray of goal directed aotitlty* He» thu8> stripped 
thinking of Its phlloeophloal aapeote ae outlined hy 
Beeoartesf John Iiooke and J«H* Mill* Nayi he trent farther 
when he gare it a fora of phyeloal prooeea of natural 
eoienoee aanifeating In nan vhLle coping tilth hie envlroment. 
It le an Intereetlng and ezoiting ^terprlee trhlh one la 
able d; go ahead* On the basis of Inoomplete Inforaatlon 
for tiorldng at the edge and comer of thought la matter of 
aohlevmentf pride and fulfillment. Starting from the 
flrsb fundamental Si Jonathan Baron puts the entire dleousslon 
on thinking within the Searoh-lnferenoe framewoik by saying 
eomewhat ae follows* 


The dimensions 
of 

Thinking 

The study of thinking has taken many foras 
In the fldd of peyobology moh as beharlourleni Gestalt 
psyohologyi dewelopnental psyohologyp payohometilo approach 
and Ittfomation prooeesine ; , * Let us now liter in brief 
to the dimenelone of thinking which can reoHent aid ae wdl 
as restzttoture the oonceptualisation and implementation of 
Bohoollng throu^ currioulum deslgn» Instructional pedagogy 
and assessment techniques* These dimensions are t 


1)'letaoognitlon , 

1) CWti'ooJ o-wjI cve/siiVe turJUAft 

3j Thinking processes 
Qore thinking eldUs. 




DIKSHSIONS OF ll^NKlNa 


The dlmeaaaions of thinking oan rsstruotnre the 
eoncepttiallzatlou and Implementation of eohoollng by 
proTldlng a new framevox^ for ouzrloalam deolgnr aeaeaement 
teohnlauee and Inetxuotlonal pedagogy# The dlmeni^onB are 
bxlefXy dlsouseed belov : 


Mjaenelon _ Bipl anatlon 

(I) Hetaoognltlon This refers to an awareness 

of one's own oog^ltlfe prooeeses 
end thereby d«7Gloplng''aelf 
regulated leaxnlr^ skill a". 

Student ought to become more 
responsible l*e« develop "SciU 
with win", 

(II) Orltloal and Orltloal thinking Is related 

creative thinking to looking for effldenoe» being 

faxlmlnded and aooumte ,oreatlvity 
is related to originality of 
Ideas# 

(ill) Thinking Pmoessea These lead to ao(iulsltion of 

new Info nation# The processes 
Involved in the prooess of 
ao^nlsltion are concept foxmatlonf 
Principal formation and 
oompr<dien8loni 



Blmenaion 

Bxplanatlon 

(iv) Gore Thinking Skills 

These aid In focusing* 
infozmatlon gathering* 
remoaberingv orgomislng* 
analysing* generating* 

Integrating and evaluating. (9). 


Conoludlng statflipmt i 


We respect life. So ire reapsct man and hie thought. 

Both have given ue our present day cultural* social* scientific 
and technical heritage. Nay* thiy are continuously 
transfoxmlng the meiid in idiich vs live. But what about 
the child (not a little nan) and his thou^t (net childli^ 
thought). ?or hin* critical and creative thinking* core 
ekills and capacities to pxooees information and solve 
problems will not fall from the heaven. 

It is true that thinking Is not Valued in our schools 
because our society is beoomlng fast a '^arks oriented sooiety\ 
If eo* our students won*t become logical* clear* aoourate and 
fair minded. To quote Piaget t 

The pxinoipal goal of ednoatlon Is to create 
men who are capable of doing new things not simply 
repeating what other geerations have done ^ men who 
are oreatlvef inventive and disooverers* The second 
goal of education is to fo» minds which can be orltioal 
oatt verify* and accept erexythlng they are offered (t0}» 





Introduotion 

definitions of Problem jSolvlng 

Stages In Problen Solving 

The Illustration of Problem Solving 
through the Sclentlflo St;udy of a 
Cemdle I a student^^teacher Partnership 

Listing some Problems for stimulating thou ght 

Concluding Statement 




He who never made a mistake* never made a discovery* 


( HanueX Shilles ) 


Turning the accompliebment of many 
years $ Into an hcur^e^aeet for the which 
supply* Admit me Oho rue to this history; 
who* prologue like* your humhle patience pray* 
Gently to hear* kindly to judge* our play* 


( Henry Act I ) 




Introduotlon : 


Shis is the oz7 of the hoar* As a method 
of teaohlngt it enjoys the highest prestige as oompared 
vlth other methods of teaching^ say In eoienoe and mathe* 
matios* It is quite another thing that due to certain 
physioal limitations# teachers find It difficult to apply 
It In the dassxoom and the laboratory. atUl# It rsnalns 
the most dlstlngilshlng aim and the ideal strife In any 
educational system in the vozld for Its Immediate links 
with self education or self propelled learning after the 
fomal education is over, fhere are# however# controversies 
o)ger the age at which training In problem-*80lving should 
begin# the exact role of the teacher in this type of teaching- 
leaxning process for various oategoiles of pupils at various 
age levels In different oilturee (sex and socio-economic 
differences also net excluded}# the pattern of currloulum 
organisation and the paraphernalia of curriculum materials 
required, If these conferoverales are considered and attempts 
made to Improve the situation# it is very likely that It 
will necessitate changes all aiound, that is# within the 
Bohool# In the educational set up and the examination as 
well as evaluation, Sven the tsaohsr timlnlng will not 
escape attention* To quote John Mshet t 

• *« ,«• It is not amatterof adding 
to the existing etiuoture# but of radically 
ohanglng the nature of that stxuoture. 

fhus teaching thinking implies a profound 
change of attitude to education# knowledge# 
teaching and leaning* Already I suggest# no 
ourrioalum oan be regarded as acceptable unless 
it oan be shown to made a oontrhbntlon to the 
teaching of thinking (l)* 
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It Is of Interest to add here that (Gestalt payohoXosyi 
according to Dr» Irwin Slesnlokr Tlftiallsti an aotire role 
for the learner In his learning process. Why ? He la not 
at all a passive entity. Max Werthelmeri the founder of 
Oestalt psyohologjTf was extremely dissatisfied with the then 
existing approaches of traditional loglo and association theory. 

He posed to himself the fbllowing question and attempted to 
answer it as well* 

What OQours when^ now ahd then# thinking really works 
produotlvely ? What happmie whenp now and then^ thinking forges 
ahead ? What Is really going on in such a person ? These are 
not easy questions to answer when eolation depends upon observing 
suoh piooeeses as they actually go on in the mind. 

What really takes plaoe in such processes ? What 
happens if one really thinko» and thinks produotlv^y ? What 
may be the deolslfe features and steps ? How do they come 
about ? Wlien the flaaht the spark 7 

Be goes on to speculate about oondltlonsi favourable 
and unfavourable that Influence attitudes towards thlskingi 
good or bad| and the methods of Improving it* Then he poses 
problems for the development and Improvement of thinking in a 
manner which have dlrsot iDplioations for the sffeotive teaching 
of school subjeotsi ocmparable to that of 'Operational Hesearoh' 
or 'Museum of Sefeots' * the two popular key oonoepts In industry* 
He aeksi "arpposs we were to make an inventory of basio operations 
In thinking • how would It look* 7 "What baslOBlly is at hand* ? 
"Qould the basio operations thmiselvss be enlargedt Improved 
and th« be made more 7 laskLy, he tried ^ard to 




dlstin^iah loetveeii etiniotural and non^^atiuotural aolntlona 
«han he dlaouaaad eoiae problei&a rtlating ta paralaUogramBt 
sun of tbe angles of a polygon and sommatlon of aeries irhioh 
are wSll knoim In the literaturet In this thought provoking 
dlaouBSiont it roaaina unblear how the non*struotural solution 
changes into a stzuctural onei for Koffa rephrases this 
problan again when he saysf •'How does a problem find Its 
solution# how does the stress set up by a question contrive 
to create thoae conditions which make the answer poaeible" 7 
He adds further t "The problem of the arousal of a new 
process Is not in all oases a problsQ of traoes"* The 
immediate oause is still shrouded in mystery for this problem 
has been drly reoognised by Wsrtheimer» Dunoker# Haler 6^ 
Claparede (2)« 

Psfittltions 

of 

Problem 3o3nrlng 

feme like oonoept fonnation, oMtloal 
thinking# creative thinkingi reasoning# insist and learning 
tend to complicate the definition of problem solving, do 
ws have deliberately avoided the use of those ts»i. How 
oonelder the following three definitions of pxobloa solving i 

(a) It may be defined as a planned attack upon a 
difficulty or perplexity for the purpose of 
finding a solution. HSiere is then a reeourte 
to rsfleotlvs thinking which is a pros see of 
careful oonsolous# consideration of facts# bbLlefs 
or other dements of mental experience for the 
purpose of Arriving at rational oonbLuslone relevant 
to some problsa^perplexity. 




(b) It le a prooesB of raising a problsm In the minds 

of students in suoh a way as to iitlmulate puzpoeoful 
refleotlTs thinking arriidng at a rational solution. 
!l!hres elaaents ssem to be involved here } a situation 
whlob presents some dlfficully, perplexity or doubt 
requiring solution, a goal or an end Involving some 
aspect of the situation for which no ready answer 
can be given and desire or motive that stimulates 
an attempt to find the answer* 

(o) Problem eolving takes place when a problem solver 
aooepts to solve it as well as when his previous 
knowledge or patterns of behaviour are insufficient 
or inappropriate to enable him to provide an acceptable 
solution. In such as case, solutions became possible 
only when he acquiree new knowledge or oapltallzee 
upon relationships which have not been seen earlier. 

fhere are all sorts of problems I theorlitloalt 
experimental, essay type, objective based as well as objective 
type, verbal ss wdl as non-verbal (partloulaxiy epeaklng, 
performanoe type), breaking the code type ae well as anagrams} 
and lastly those which are nearly impossible to solve* Sdlson 
once engaged a mathematician to And out the volume Of the 
bulb theoretically, and verified the same himself by immersing 
it in a large cylinder. Inhere are alec problems which 
intentionally invite wrong answers. Equally interesting 
are ten age- old problems which have survived over centuries 
and have aatisfled the intelleotuaL curiosity of man. There 




are also problens which mathmatlalahs and acienlilitis 
put to each other for the b^eflt of genemtlng knowledge 
In the years to oome« Ramanujan Is^ for examploi the 
sln^e top moat math an atl clan which the world so far has 
produced* There are» lastly* those problens which are ill 
defined and have need to be well foimulated for solution. 

The psyohologlatsi for example* ohoose those problems 
which have clear-out solutions* Here* Piaget Is the top 
star whose problems oontlnue to fire the Imagination of 
children for years» for Instanoe* his oonsexvatlon pshleme. 

Stages In problem solving j 

It is not difficult to find stages In 
problem solving, Over the yearsi these have acquired the 
psychological status. This has enabled teachers and others 
to take ohlldren from the lower stage to the higher stage* 
and* BO on* during the course of problsn solving. Problem 
solving takes place in stages within a certain context* 
Teaching for problem solving in a context free situation 
has proved to be futile. It is preferable to use these 
stages in problem solving for developing the problma solving 
oyols* It is time oonsuming hut the knowledge so generated 
Is of lasting value and* at the seme tilma* is oomparatlvoly 
speaking* less loaded. To illustrate i 

( a) John Dewey (1910) 

(i) A felt difflottlty 
(11) Its location and definition 
(ill) aaggestlon of poesihle solution 
(iv) Development of reasoning of the hearing of 
suggestions 


2.1 




(r) friirther olsaoivatlon and axpexlm^it leading to Ita 
aoceptanoe of rejection. 


(B) aeorge Humphrey (1948) 

Directed thinking involves i 

(a) i Frohlem Situation 

(b) Motivation factors 

(o) Trial & error 

(d) Use of association & images 
( e) A flash of insist 

(f) Some application in action. 

(0) Polya (1957) 

FOXiTA'S SIAGBS XHKimATIOM PBDOBSSHMU XBANaLATION 


Understanding the Problem 

Devising a Plan 

Carrying out the Plan 
Looking back 



Respond 


Fig« 


z^■ 







(D) Hills ft iDsan (i 960 ) 


a) A difficulty Is recognized 

b) She problem Is clarified and defined 
0 ) A search for a due la made 

d) Various suggestions are made and are 
evaluated and tried out. 

e) Whereas practioe In the definition of problem 
Involves problem surveyi problem deBorlption» 
problem discussion» problem limitation^ planning 
for action and further analysis and limitation (5)* 

If problem solving Is regarding as a way of 
teaching and learning and that ‘too in a cooperative context 
then stages In problem solving are t 

a) Problem survey 

b) Problem description 
d) Problem dlsouasion 

d) Problem limitation 

e) Problem for aotlon 

f) Further analysis and limitation. 

(a) a. Valdya ( 1986) 

a. !I!he appearanooi dlsappearanoe and reappearanoe 
of the problematic situation. 

b. Vagni understanding and clarification of the 
probl:ematic situation. 

0 . Blunt/shatp formulation of llie problem. 




to 


d. Trial and error attackSt 

e, Propoeing h^otheals* 

f« Soreenlng h^otheels and aeleotlng teata'ble 

hypotheeea* 

Teetlng b^otheaea thxou^ control ezperlmenta* 
Obtaining relaxant hypotheseo* 

I 

I 
! 

I . . . . —. ’ .I ' 

! I 


Mathenatlsing Inei^t 

Into the nature of proof 

detemlnlng limiting 

BltuationB* 

» 

I 

I 

i 

Pinal eolation 


! 


yerlfioatlon* exploring 
further varied experimental 
material as veil varied 
methode of attack. 




Applioation 


Repetition of oyde in the face of unknovn dlffloultlvi (5)* 


What Is the real nature or algnlfioanoe of these 
stages, like the prlnolplee of teaching^ these stages do 
not clarify anything of psyohologloal value. Theee stagee 



do» In fact, tho Job of vhat vecen sa7» at beat, tidying 
ap the situation logioalXy. In other words, they are, in 
fact, only the highly siuipllfied as well as idealised 
versions of what may aotually happen dutlng the oourse 
of problem solving or reflective thinking* These stages 
are more in the nature of heuristio methods rather than 
logical proofs* If we try hard to succeed, they help us 
to see the problem a bit more transparently* Karl Dunoker 
consolidated the gains of the steps and texmed them as his 
K^^earoh Model** which on analysis and reflection turns out 
to be of omnibus type* The woric of Edward-de-Bono is a case 
in point* To continue his search model mity be sll^tly 
different from strategy and key factor as, later on, 
propounded by iT*9, Bruner et alf and J.P* Qullfbrd and 
his woikers who termed it so as if determining the effioietioy 
of creative thought* Productive thinking, am aspect of 
thinking as defined by B,A* Peel is a better term end is 
much nearer to the ground in comparison to other terms* 

It takes plaoe when the attack on the problem is taken 
beyond the stage of explanation and the information so 
gained is used to transform the problem so that the original 
is removed. TO reiterate, it enters svery school subject to 
Varying extent, The main distinguishing oharaotexlstios of 
produotive thought are i 

(1) Its inherent elaaent of forward thinkingi 

(ii) Its potentiality of rephrasing the problem 
In its editable foimi 

(ill) and lastly, its potentiality to solve those 
problaas which were not antloipated. 




In sum* the views of Polya and Valdya eufflolently 
Infom us about oapturlng the eesoioe of eolentlflo thinking 
as well as the aoqaleitlon of aoiefttlfio methods on the 
pait Of the gxowing children* $hey also infoaaa as that 
It Is not easy to promote teaching for logical or oolentlfto 
thinking In our schools especially when the teaoher InvarLahly 
in si ate on the correct answers and only correct answer* 

She lllaatratlon of problem solving 
through 

She soientiflc study of a Candle 
a 

Student-teaoher partnership 


It is within the reach of 

many schools to provide training In soientlflo observation 
and thinking through cheap materials* In this context* 
the scientific study of a oandhe provides Immenss exciting 
and educational possibilities* Soienoe students oan be 
easily famlllansed with the foHowlng eclentlfLo phenomenal 
melting of a solid to liquid* absorption of liquid through 
mateiial* conerslon of liquid into gaseous material* 
condensation of vapours into liquids* absorption of heat 
to bring about the change* evolution of heat* oxidation and 
bu:£nlng* In the beginning* it is not Just suffiolent to tell 
them to watoh a bmrnlng candle and reoord as many observations 
on It as they oan* The reason for this is that our soienoe 
students are not trained to mahe slgnlfleant observations 
unaided* aeoondly* fbr them* this will be an act of 
observation without direction* It pays dividends If this 
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approach le slightly hent, that is* through a ssriss of 
Xargs nnmher of qtaestlons requiring short anevevsr a solenoe 
teacher oan direct his pupils' attention and pinpoint their 
thinking on certain aspeots of the candle t physical appearance 
struoture and composition of the oandle* finding interesting 
facts and making ohseryatlons when the candle bums and even 
identlf^ng the products of combastlon. Pupils may arrive 
at their answers through one or more than one of the following 
ways t direct observation and measuranentf testing ideas 
through additional experimentation In a variety of ways* 
setting up a oontrol experiment» if neoeseaiyi drawing a 
diagram and checking for the details and even reading about 
the question in the textbook and the reference material. 

The quality of the woi^ does not suffer if the oXaas 
is divided Into soall groups, fhe questions may be» then» 
answered by the snail group as a whole. Effective learning 
among the members of the group will take place if they 
th^selves care to resolve their oonflioting observations# 
opinions and arguments. Working along these lines will 
intelligently inform thm that the soientifio statements are 
true under oextaln conditions* As the oondltlons change# 
change the soientifio inferences and# hence# the necessity 
for making obsemtiona under controlled conditions. In this 
approach# teacher* s role is anti-conventional. He does not 
lecture or impart direct information. He leaves the stage 
and rauains in the background. But# at the same time# his 
management of the teaching# learning process is not passive 
at all. He goes from group to group# dlsoueses their 
diffioulties# helps them to solve their diffioultles* helps 
then to Bdve their diffioultLes# suggests relevant referenoe 




materl'^alrOheokB their prograes and organises oritleal 
dlBOuealons among the pupils on the basis of experimental 
reeultSf 

ThlB approaoh, If employedi has the folioirlng 
advantages i 

1) Students themB<d.vea are active in collecting 

and interpreting first hand observations. !I!hUB, 1hey 
are thaaselves responsible for their oen learning. 

This has the added advantagei that is» this procedure 
leads to the formation of positive as well as the 
habits of self-study and self-education later on. 

2) Students can easily develop vaxlous aspects of 
the scientific skills» namely* abstraotf concrete 
and oommuttlcatlont etc. 

3 ) It provides ample opportunities to pereonal 
exchange of experience among students* strengthening* 
thus* tine pupil-teacher contact in the process. The 
teacher* thus* gains Insights into how the minds of 
hie students work. 

4} Through suitable choice of questions and activities* 
a teacher can summarise and conclude the entire unit 
vhiohp in the end* will lead to the effective 
acquisition and retention of knowledge and skills. 

?) dassrooo teaohlng is easily aud imaginatively 
linked with home* laboratory and the library* Seme 
students may take up projects with focus on discovery 
which will famlliaxlss then with the ' stuff and 
operations' of solenoe* 
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6) studentB erov In problsta^BOlvlng abllltloB 
and develop desirable personality txalnta like 
perelstenoe and Belf*oonfldenoe In the faoe of 
fxuBt 3 ?atlon* Iheyf tbuBf learn the Importanoe of 
Individual work and oplnlon» group worki co-operation* 
llnoerlty* onotlonal stability and Intellectual 
honesty. Further* they know that the Ihcte are more 
saored and deserve greater respect than the Individual 
eclentlete Irreapeotive of their sool^ and 
professional statu bt 

7) A teacher can achieve vailed objectlvsB for 
Various oategprles of his Btudenta at different levde 
of treatment right throughout the eohool* 

First Lesson 


Motivating the Students 

It 1b a paradox that* erven In the age of atom* moat 
of our homes depend upon oandlee when all of a sudden and 
without notice eSbeotrlo ourrent goes off* Ve afceo use them 
at many special oooaslons like the celebration of birthdays 
and other festivals. X am sure* therefore* that everyone 
amongst you has lighted a oandle* CXf found nsovssary* a 
candle oan be shown). Informally speaking* you may have 
made many observations about It. Sven if not* 1 will ask 
you to write down as many dlffer^t observations as you can 
make about a candle when It is not burning and* secondly* 
when it Is burning. I am writing down a few examples to 
guide your thinking i 
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(1) It Is long and o^rllndexloal in foxn. 

( 2 ) Xt oan be broken by applying anall fO]?ee 
phyeioally* 

(3) It is not soluble in irater. 

Slhrough a guided dlsouealonf It le poaelble for the 
teaoher to help the etudeAte to iixlte a short note on the 
oandle ooToilngiiiost of its phyaloal propertlee* IChla fixes 
the object of Inreatlgatlon (candle here) for further 
Investigation. 


{leoond Iiesson 


Hatexlala HeQ.uired 

Pieoea of vax obtained from a oendlei a few oendlest 
matoh boxp beakera and bottles oontaining dilute hydroohloxlo 
aoid> sulphurio aoid» sodium hydrozldef ohlorofbim and oafbon 
tetraohloride. iny other matezial demanded by the students. 

Procedure 

Student 0 will be asked to answer the following list 
of questions (questions oan razy to suit the mental dev^opmcnt) 
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which relate to the etruoture and conpoeltlon of the 
candle t 


( 1 ) 

( 2 ) 

(5) 

(4) 


(5) 

( 6 ) 
(7) 


( 8 ) 

(9) 

( 10 ) 

( 11 ) 

( 12 ) 


Have a @ood look at the (given) candle* 

Draw a diagram for it. 

Heaenre Ite length and thlnknese at dlffeinnt 
points and show them on the dlagrasi already 
drawn hy you. 

Are both the ends of the oandle exactly aimilar ? 

Try to see through the candle by placing it In 
as many different poedtiona as you can think of* 
Iheni find out whether the li^t oan pass thrott^ 
It or not* 

What ie the effect of KaOH on the wax 7 

What is the effect of HCI on the wax ? 

Dry to dissolve wax into some given different 
solutions* If necessary* you can also ask for 
other eolations, fieoord your observations on 
each solvent tried by you* 

Add other queetlone* 


On the basis of your obsszvationsi tell whether 
wax is organic or inorganic substance* (}ive 
reasons for your answer* 
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At the end of the exerolee* the teaoher oan 
orgGOilEe a critical dleouasion rdatlng to the oompoeltlon 
of the oandloi Ihrtheri students can also be ashed to 
read critically on the nature of eiTldenae required for 
classifying substance into organic or Inorganic category* 

Third Lesson 

( Study of a Burning Candle ) 

The same prooedure continues* Here^ the questions 
guide students to make significant observations when the 
candle is burning. Students can be even ashed to set up 
oertain expeiiments* make observations and draw the necessary 
inferences. Oonslder the following examples i 

(1) What is the oolour of the wiok before the 
candle la lighted ? 

(2) What happens to the wioh when burnt for the 
first time 7 

(3) Watch. What happens to the tapering end of 
the candle 7 

(4) Besorlbe in a few words the shape of the flame 
as you obsexi^ed It. 

(5) flaoe three candles of different lengths bat» 
otherwlest exactly similar In all respects on 
the bottom of a trough* Cover them with a bell 
Jar. Bee that they do not touch the Inside df 
the bell Jar* How, remove the bell Jar. Ll£^t 
the oandles. Replaoe the bdl Jar and Insert 
the stopper. Predict which of the candle will 


* 
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extlnguleh flret and last ? Give reasons* 

Verify your prediction experimentally* 

(5) Xajics a jlaes tube a)>out 6 Inches long in 

your left hand and put it^ one end oare^lly 
in the lover mo sty central and upper most 
portions of the flame consecutively. Brdng 
a lighted splinter near the other end of the 
^asB tube in case of the above mentioned 
positions of the glass tube* Observe* Write^ 
what happens in each case. 

(7) Put off the candle* Immediately take a lighted 
eplinter and keep it at one mm. away from the 
wick* dee» what happens. 

Evaluation 

Questions and problems like these or similar to 
these Can be used both for Instructional and testing purposes* 
Quality is# thust built Into instruction as well as into svalu« 
atlon for the main burden of fozmlt^ the conoept or finding 
the anever thnu^ thinking and action (hypotheses setting 
and testing) falls on the student himself (6)« 

Listing some problems 
for 

stimulating thought 

We bave already appended the 

Piagetian (^luestionairre for studying logloal thought among 
children and adolescent pupils* Let us list some additional 
problems which have a stood the test of tdme. ITheae are t 
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51g. 2 

Xake fifteen match sticks and make five squares 
as skovn ahoYo* Kow make four squares hy removing 
any thr^s match sticks 



( 3-3 4 S' ^ 






il 

1 

f 

1 


ng, 3(a) 


Jig* 3 (h) 




lake six arrows In a row. Xhe flnst three arrows 
point up and the last three point down. Your pm hi cm 
Is to obtain the arrangement in fig. ?(b)» that is^ 
the adjacent arrows must point up and down alternately. 
You can touch the two adjao^t arrows at the same time* 
The number of mores should be the minimum. 

3. 



tig. 4 
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See the arranganent of 6 oolne abovet Sheae touch 
each other (upi dovn and the gLdee)* Your prohlem le to 
obtain the arrangemaat on the right by moving exactly two 
oolna. Specify your procedure. 


4. 
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A 


=r 


6 


ng, 5 

Ihe probXm la to tranerfer the four dleoe fnw the 
peg 'A’ to the peg *C», Tou are free to td&e the aaeletanoe 
Of peg *B'. You are not allowed to put a larger dieo on a 
wiialler dleo. For examplei you oan not put dieo 2 on dieo 1. 



Fig. d 






Have a I^olc at the above oheokboard ithloh oontalhB 
32 dootmeiis^ where each of the donmoee covers two adjacent 
spaces* £k) the total number of spaces (adjacent sQ.uai^es) 

Is 64* Now cut off two of the squares as shown above* !l!he 
problem Is to place the 31 donmoes on the board so that the 
remaining 62 squares are covered* If so* how? If notf why 
not 7 

6 . 



Ihe diameter of the circle is 10 G«iai The pioblaDi 
is to find the length of aP* If you oaimott join BO* 

7i Let us here list another set of four problems* Here» 
it I'l^a oase of polarized thinkli^i i«e*» funotional fixedness 
or rigidity of Ihe thought* If one looks at the problem from 
one angle alone* he falls to see the same problem from another 
angle. It Is a phenomenon of temporary nature. 
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8. 


S3A-0 W) l h Uj^^Ue, "to >see 

CL£l^^'g UreS>/i Or\ *2- (3 La^ Uh OjLj 1^0^^ 








Fig. 8 

Co f^f-l g ut-a Koi^no 1 


JW. 


C^/\.f\'guraKoi<. Kb 2. 

(1) There are sane duoka avlnmilng in a single file 
under a bridge* Two are In the fronts two are In the middle 
and two are In the rear* Find the number of ducks. The 
number of duoka should be minimum. 


(11) Two train statlona are fifty miles apart* At 2 £M 
one Saturday afternoon two trains start toward each others 
one from eaoh station* Just as the trains pull out of the 
statlonsf a bird springs Into the air in front of the first 
train and fllLlea ahead to the front of the second train* Vhen 
the bird rsaohei the second train it turns baok and files 
toward the first train* The bird continues to do this until 
the trains meet. 

If both trains travel at the xate of twenty-five 
miles per hour and the bird flies at a hundred miles per hour» 
how many miles wlU the bird havs flSijn before the txalns mec| ? 

(ill) Tour goal Is to msasurs out sxaotly 100 units of 
water from an unlimited souroe of water* The only tools 
you have to do this are three pltohersi Pltoher A idiloh will 




hold 21 unite of water. Pitcher B whioh holde 127 units* 
and Pitcher C which holde 3 units of water. Bdeoilhe the 
sequence of filling and pouring that would be neoessary in 
order to measure out the goal amount. 


Problaa 

Pitcher A 

Pitcher B 

Pitcher C 

Oosl 

1 

21 

127 

3 

100 

2 

14 

46 

5 

22 

3 

18 

43 

10 

5 

4 

7 

42 

6 

23 

5 

20 

97 

4 

29 

6 

23 

49 

3 

20 

7 

15 

39 

3 

18 


Iiuohlns* (1942) vatar-pltoher probleme 

Higidity t 

Both of theae problems ilia strata different foms 
of the first phenomenon of problem solving ve will disoasst 
that of rigidity, fhis refers to the faot that people eftan 
fail to see adequate solutions for problemsi beoanse they 
fixate on only one way of viewing the problem. 





Plfi. 9 


One version of Danckei* s (1945) famona problen. 


figure out how to mount the oandXe vertloally on 
a plywood wall* ao that It will aot aa a lamp* 



A Boeond verelon of Dunoker* a (1945) famoua 
problem, deaigned to help the problem aolver 
overcome functional fixity* 






Here* the prahlem is t how to moaiat the oandle 
vertically on a plywood wall so that It will aot as a 
lamp* Figure helps In finding the solution* It is a 
oaae of rigidity of thought* where one only sees the hox 
containing atloks only as match hox rather than its use 
as the platfoxm for the candle* There is no end to suoh 
thought provoking problems* In a wayf these protaleas 
train us to see a problem under study from possible 

aUfifLe. If so* a problem tends to con struct as well as 
reoonetzuot its own solution. Lastlyi the experienoe 
of problem solving is highly Instxuotive and educative (1)* 

Gonoluding statement 

The field of problem solving is vast* 

It is precisely for this reason that the definitions of 
probl« solving vary rery widely right from puzzle solving 
through concept formation tasks to creativity (production j 
of novelty)* There are no rules whish guarantee solutions ' 
to the problems* These simply amount to gen exiting problem 
ppeoantlone and sensitiTlty* Any finding that is obtained 
has to fight for its survival in litsxatnre* It needs to 
be tested under diverse oonditlons* If found trust it 
strengthens the base of our knowledge* The dlsooverers 
of knowledge have their own individual tales of personal 
diffioultiesi fxustrationst jealoust unmpportive 
environments and eostaolesi 9aoh biogregahloal desoilptione 
and details give inner strength to those who commit themsd-ves 
to life long research plans* Anyone who short oirouits 
this path la invariably bound to end in failure or rldioule* 

To illustrate i A ohcmlst wanted to solve a diffioult research 
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probX^* He failed and following the foot-atepe of the 
great aolentlet^ aayr Arohimedee wwit to the hath roon« 

He vent Into the hath for daya and nights* He only dlsoorered 
at the end of thle ezeroise that hie tovdla were wet* 


Iiastlyi the eohool and home have to play a supportive 
iole« Xhey should lead children to see the relevance if 
their responses* If done* children are In a position to 
Improve upon th^r answers through experimentation, personal 
reading and reflection, debates and dlaousslons, of course, 
not exoluded* There is no substitute for suoh activities 
of the mind, for pv«blem solving is both a xlsky and oreatlve 
activity* It haste snatch knowledge, however, snail it may 
be from nature* Eet us end this account in the words of 
Hichael Oaheshett t 


Hen sail a boundless and bottomless 
ssa, there Is neither haxbour for shelter 
nor floor for anchorage, neither starting 
place nor appointed destination* The enterprise 
Is to keep afloat on an even kedi the sea Is 
both friend and enemyi and the seamanship 
oonaiets in using the reaouross of a traditional 
manner of behaviour in order to make a friend of 
every hostile ocoaelon. (6)* 




The Plasetlan Concept of Knowledge 




Xntxoduoiflon 

Concept of X^lagetlan knowledge 

ABeumptlone underlying the Piagetlan 

oonoept of knowledge 

3ome other Approaches to the study 

of Cognition 

Concluding statement 
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We only now need to recall the fate of tha 
principle of Intrtla In the ocudential world. After 
it was "dlSGoverod*’ duilng the period of Oalello, 
Deeoortee and Newton, the principle was alternatively 
considered as rather ah surd end diffioult to accept, as 
entirely evident and needing no explanation and much 
later, as a principle that is heither evident, nor right, 
nor twng, nor ahaard, but rather a regulatdry principle 
within a certain structure of a theory of Neohanios. 

Thla proves beyond any doubt that the acceptability of 
a principle, such as the principle of is linked 

in a very fundamental way to the whole conception of the 
world or, at least, to the oonception of the particular 
branch of soienoe to which it belongs, this in tuxn being 
linked to a particular sootety in a Particular period of 
its history, 

Solano draola 
in 

Developmental epistemology and fundamental problma 
in 

fhe Theory of Knowledge 




Introduction 


Some background rcnderea t 

In the history of our olyilization, 
there hare been quite a few exceptional men who have 
sought happiness In the republio of leaitilng and scholarship* 
Nayi they have lived passionately and fullyi and that also 
singularly for advancing knowledge* the late professor. 

Jean Piaget being no exception, fhe reason Is that they 
put to themselves questions of universal Interest and 
slgnlfLoance* He tdbled to forgo ahead his thought In 
every possible direction. He presented a vast eplstomogioal 
frame of reference for understanding changes in knowledge 
at Increasing levels of validity. He spent hla entire 
life In explaining It but to no avail* Els entire experimental 
work was the function of his genetic eplstomology* Professor 
A*H, Flavell also erred at this point* It was a sort of 
"Oart before the horse situation'* whloh Immensely worried 
Piaget throughout hie life* Contrary to the spirit of 
Hclenoe he used onsolentlflo methods In his highly varied 
aooompllshments* He* however* made an exoeptlon In his 
studies on perotpilon. He continued to handle his own 
ensuing confusion sln^e handed in the light of shasrp 
forthoomlng orltioian. With his vigorous brain power and 
long hours of sitting at his desk for about fifteen house 
a day for over sixty years* he begsft to solve an age-old 
problea of true knowledge. He strained hlmseXf very hard 
in stating elsasXy the vary souree of oonfuslonfor the 
benefit of hie readers* Aooordlng to his* considering the 




short history of psyohoIogy» Isas than hundred years 
old I it has to solTe Its ovn deflnltial prohlaae first 
in mors or less the same manner as vas done by the naturalists 
priests turned soientists or the other way round, 
inventors, technologists and soientists* It Is to be 
etressed that the birth of the "Tribunal of experimental 
Science" In the seventeenth century was not an ordinary 
event* 


Jean Piaget drew heavily from this great philosophioaX 
reseivoir by presenting a series of challenging synthesis 
as obtained in the rational tradition of plate t mental 
categories of I* Kant, the Bergeonian notion of paroeptlal 
ohanges, the enhanced and the quick mobility of destalt 
structures! and the use of gymbolio logic for the analysis 
and interpretation of thought in tezms of seriations, 
olaassBi relationS| reversibility, equilibrium and 
groupings* He, while still remaining a firmer speculator, 
Investigate an age old phllosophioal problem experimentally by 
posing it as follows - 

How and when can man be sire that his 
knowledge la tme knowledgsi when time and 
again he finds that what hs took to bs 
knowledge has proved to be error* 

Plagetlan oonoept of knowledge i 

Piaget raised the questions or problen 
to an epistomologloal status and posed it in an . experimental 
form. He did not aim at suggesting a conventional sort of 




answer. He also threw a bridge between philosophy and 
biology by placing psychology somewhere mid-way between 
these two fields of knowledge. He provided a biological 
base to his theory of knowledge. He saw intelligence as 
a developing phenomenon. Cogiltlve development became a sort 
of open paradign as a sclentlfio metbodology and practice. 

It also became a dynamic process Influenced further by 
maturation! environment and the ongoing attainment of 
equilibration at all levels of intellectual developmaut* 

It was not an easy enteipilse for he had to develop not 
only highly Ingenious rsasavch tedmlques but also highly 
controversial symbolic logio for ejylalnlng now the house 
of knowledge la build up by the child in his head not a 
Particular child but any child suiywhere in tie world regardloss 
of highly diverse olroumstanoes of living. Jean Piaget In 
a series of lectures in the united states of America defined 
genetic eplstomology somewhat as follows * 


Oenetlo eplstomology attempts to explain 
knowledge and in particular! eoientlflo 
knowledge on the basis of its history! its 
soologensls and especially the peyohologtoal 
origlna and operations upon which it is based, 

All epistomologists refer to psyohologloal 
factors in their analysis! but for the most 
part their referenoes to psychology are speculative 
and are not based on psyohological research. Z 
am oonvinoed that eplstomology brings up factual 
problems as well as foa&aX onesf and once factual 
problems are encountered, psychological findings 
become r^evant and should be taken into account. 
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!?he first pzlnolple of genetic eplstomoXogyiy 
then* is this - to take psychology seriously* 

Taking, psyohology seriously means that* when 
a question of psychological fact arises* psyoho- 
lo^cal researoh should he consulted* instead 
of trying to invent a solution through private 
speculation. 

So* in turn* genetlo epletomology deals 
with both the fomatlon and meaning of knoiledge* 

Ve oan formulate the problem-. By what means 
does the human mind go from a state of less 
suffioient knowledge to a state of higher knowledge* 
Our problsn from the point of view of psychology 
and from the point of view of genetlo epletomology 
Is to explain how the transition la made *•* 

The nature of the transition is a factual question. 
The transitions are historical or psyohologioal 
or sometimes even biologloal* 


He saw knowledge as a structure * a relational 
structure* It detemlnea our perception and understanding 
of our world. (Genetlo eplatomology is a branch of 
philosophy whioh deals with the nature and formation of 
knowledge* Soientifio knowledge in partioular* 

It can be represented piotorially as follows {-> 



Piaget' 0 theory oubraoes both aapirldeet and national! em 











She assumptione 
underlying the 
Plagetlan Knowledge : 

It la eaeantial to keep the Plagetlan 
frame\tork of genetic eplatomology In mind* It la a tough 
Job to underatand It beoauae he did not oare to clarify 
it more than it was neceaaary. Piaget ooncentrated on the 
knowing aspect of consolouaneasi namely* intellectual 
development. Aaeimptlone made in the field of biology 
equally apply to cognitive development* Iheee are as 
follows 1- 

A. Children are aotlva by nature* It la in their 
nature to leam and go on learning. As a oorllary 
to It, it is in the nature of thought to move 
forward inside the directionless and pathless 

' territory of unknown thought* 

B. The biological principles of organiaatlon end 
adaptation (assimilation and acoommodatlon) provide 
stable as well as dynamic mechanisms for Intelleotual 
growth* 

C. Higher mental processes evolve out of lower mental 
processes* In other words inthlleotual thought 

Is hierarchically determined* the two cognitive 
structures being sohoae and operation* 




The main featuree 
of 

Developmental eplstomology j 

Following are the main dlstlngnlBhing 
obaraoterifltloB of Piaget* a genetic eplstomology s- 

1. It has fltrong inte-reet in studying changes 
in BOlentlfic knowledge. Barring a few 
exceptions here and there, individual 
developments of various sciences move towards 
integration and in short general systems. 

2, It IspoBsihle to delimit any philosophical 
development considerably for seeking an 
experlmmtal solution. 

There is nothing sacred about scientific 
knoidedge because It can be challenged at 
any point by the imaginative minds* 

4* It is, unlike the classical epistomological 
theorlesi more easehtlally a process rather 
than a product or even fact. This view 
enables knowledge to be studied In a dynamic 
rather than a static msinner* It ie than 
simply a case of continuous construction where 
knowledge at a higher level of validity evolves 
from knowledge at a lower level* It fulfils 
a natural human need it Iftnghng to know* 
understand and explain things* Thus Piaget 
has tried to show that oonstruotlvlam is the 
only possible eplstomology. 
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5. It la an effort to arrive at tiTuth rather than 
posaesBlon of it by the methoda of verification» 
however^ oomplex theae may be within the 
epiatemology of one* a Soienoe* 

6, It attempta to maintain a fira dlatinction which 
is uaually ignored between epistemolo^cal aabjeot 
and the individual subiact. The latter is 
particular individual having a dlatinot peraonalityi 
For reaching statlstioal results of a generalised 
nature* individuals have naturally to be sampled* 

The foxtner* on the other hand, la a subject of 
universal nature or interest having general 
ooordinatlve actione whloh* later on, become the 
baeis of knowledge with the operation of the 
following trilogy - reflection* deduction* 
experlm entatlon. 

7* It la ti^tly woven abatraot theory difficult to 
apprehend but* at the same time la internally ^uite 
Qonaistent, Intestingly enough* it emanolpatea 
its^f from perception and provldee aooounts of 
dev^bpment whloh is explorable experimentally in 
diverse fields of knowledge* 

8* It sees psyohologlcal development similar to 
biological eplgnosis which ImpXes 

(a) fhere is a oausal sequance of events* It is 
not of unear increase in nature but inatead 
possesses differentiation* complexity and 
organisation* 




(b) It la a Oaae of growth atop by etep. (Oieae 
atapa follow each other In an invariant manner* 
It la thla Interpretation which haa been 
found working and become a suspect In the 
eyas of some logicians. 

Lastly it ia worth atreeslng that the 
experimental wozk of Piaget la a function of his genetic 
epistemology and not vice veraa. It is an abatraot frame 
of reference ^ere he further distinguishes three distinct 
periods of history of eplstemologyi namely^ meta aoientific 
epistemology* para soientlfio epistemology and soientlflo 
epistemologiea* IHie last mentioned epistemologies take 
a critical attitude to part cf the whole reality* 

Some other appioaohea' 
to f 

The study of cognition 


It is* of oouree* true that no 
study on oognltlon la complete witl^iou^ direct as well as 
indirect referenoe to the Plagetlan studies* Other 
approaches have also appeared* particularly speaking* 
when cognition la sesi* as it ought to be seen* within 
the life span perspective. It is an exciting enteipri.se 
to work on cognition in our context# and interpret the 
obtained results in another context* According to Marlon 
PerXimutter* the oognltivs developmental Isyohologlsta 
should address themselves to the following two major 
problems* nam^y* the change of oognltlon with age} and 




the Causae of such changes. He then degorlhes as well 
as evaluates such researches and finally» presents a 
three tier model of cognition within the multl-disoiplinary 
context for the human organism (See Fig. 4). Retuniing 
to the cognitive approamhes» these are : 

(a) Organionlo approach (Piaget and Baasechea) 

(h) NeohanlstlQ ai proach (siegLer and Salthouse) 

(o) Contextual approach (Vygotsky and Baltes) 

(d) Psychometric approach (Binet and Hom) 









What le Cognition ? At least* it is not a single 
entity* an unchanging one like the physical constant in 
Soienoe. It includes perception* memory* Intelligence, 
reasoning* Judgement and decision mahing« It enables us 
to think* act and know about the world. Conceptualize 
and interpret experiences* to maintain a sense of self 
or direction and oommunioate with others* It consolidates* 
aggregates and enhances individual oompethnoles with a 
view to negotiate varied bends In problem solving. This 
entire frame-*woik is widened* deepened and sohpe of 
investigation enhanced when all age - related changes in 
cognition are oalled oognltlva development. The position 
of Piaget la w€d.l known. What will be his position 
like when data collected within his framework are examined 
In the remaining three frameworks. Naturally* the strength 
of the finding changes from framework to framework* This 
In a way ought to be the main function of any soienoe and* 
particularly speaking* the educational science should not 
far lag behind. Otherwise* how is light likely to be thrown 
on the nature and funotion of meohaniems underlying 
oognltlve behaviour within the context of biolo£^cal* 
psyohologioal and sooiologlcal factors* functioning of 
biologioal oonstralntst systematiolty of school influenoe) 
personal oonstruotion and reconstruction of knowledgei 
and lastly* the oontrollabdllty of psyohologioal factors ? 
More speolfioally* what is the crux of the problem aoroas 
the four cognitive approaches ? It is to examine the role 
of * 

(a) Stimuli (meaningful versus meanin^ess) 

(b) Task (Complex versus simple) 




(o) Content (rich vergua lm|)07erlghed) 

(d) Ascent of abilities (prenatal 7ersu8 early ohlldboi 

What about the nature and development of abilities 
across the four cognitive approaches ? Evidencei largely 
gpeaking, Indicates that with the possible exception of 
logico-mathematioal structureet primitive abilities 
comprising basic mechanlans, primary mental abilities 
and fluid abilities are rooted in blolAgy. The other 
Intexmedlary abilities such as world knowledge, crystallzed 
abilities^ strategies .nd higher mental functions are rooted 
In experience* If this view Is aooepted, then It Is not 
difficult to develop a three tier model of cognition as 
shown In the adapted fig* 4« 

Final ranarks 

Cognitive development when studied across these 
four approaches with appropriate intervention progrsmmes 
provides an oxosllent base for the development of teaching 
learning strutet^es effidantly. It gives meanings to tense 
such as : functional fixedness^ Insight, hierarchical nature 
of knowledge} and principles of teaching such as t 

feaoh organically or solentlfleally* 

If that Is the case# a part finding obtained 
In one framewoxk cannot role as weel as oveivrule the obtained 
main finding across the for spectrum of the cognitive 
approaches* Why ? She main finding, of course, q.aestlonable 




eidsts within the context of cognitive development on 
its own status as part of the basic knowledge when seen 
historically* culturally! eoologioally and even semantically* 
like agriculture! education has its own dignity; and that 
too I independent of its theory with a long tradition of 
teaching and leaming. freh-suppositions or assumptions 
underlying it are to be tested fbr productive results. 

It is thus kind of task! in faoti a major task which 
ought to be approached by our researchers and teacher 
educators at all levels of education. It is of no use 
talking in generalities! ori say! independent of contexts! 
on teaching learning strategies* Saying cryptically! it 
is a futile ezerolee to carry out where a deaf person is 
talking Intellegently to the dumb person who! in turn! is 
commu{^leating with the blind person* It is stressed 
firmly that there are many pathologies in the business 
of education. Frankly speaking! our collective response 
to educational pathologies amounts to collective chaos 
rather than collective ^uest. Ours is a country where 
everything in the name of active as well as productive 
education/educational mettodology la loosened to dust 
vazlier gradually; and now quickly. Xt le a country where 
acadsnio heroes of abject stupidity as well as eero 
multipliers! like the solar eclipse! rule the educational 
hierarchy spawning nervousness* confusion! degradation! 
darknese and Inefficiency of edl sorts. Lastly, whereas 
the moral dimension to education is getting eroded gradually! 
the psychological dimension to the education hardly had any 
survival ohance in our country. Still hopefully, we would 
like children going to sohool happily and more happily in the 
years ahead. 
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A. 9a.wmy ot atadA^a 
On 

ProbXem SoX'vlnff In 0o±nno« 






Theories about learning go back to the Greeks. Plato 
saw learning as the uncovering of innate knowledge such as 
ILanguage skills and mathematical ability.This 'rationalist' 
notion of learning lies behind contemporary assertions that 
BOine people are 'academic' while others are' practical and 
technical'. In contrast/ Ariatottle held what is today 
known as a 'behaviourist' theory. This asserts that we learn 
that we come to associate the coromom features of thinkgs we 
encounter into conceputual categories such as 'tables'/ 

'pupils' or 'research reports'. More recent 'constructivist' 
theories also assume that learning ariaes from experience. 
However/ they question whether the process is as 
straightforward as associating stimuli with particular single 
concepts. Instead/ they argue/ we constantly assimilate new 
Instances of concepts into schemata. With experience/ our 

understanding becomes more sophisticated. A practical 
consequence of constructivist thinking for the classroom is 
the need to take account of individuals' previous learning 
if teaching is to be most effective. 

The problem with each of these theories is the extent 

to which the evidence used to support them is generaliaable. 
There is evidence to suggest that certain human skills are 
innate but little to show that this explains all learning. 

Animals and humans can be shown to learn by association but 
the evidence relates mainly to quite trivial tasks and 
behaviours. The constructivist argument is persuasive but 
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L difficult to prove ttie existence of scheiata. In 

1 

Lrti the three 'classical' explanations still coipete to 
Lisin hov learning takes placet but offer little of 
][jctical value to teachers other than a coion assertion 
It to the iiportance of motivation. 


Harry Black; John Ball B Sue Martin 
Quoted in SCBE Meusletter 'RESEilRCB IN EDDCAIIOM' 
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A 3arvy of Studies 
On 

Problatt aolTlng in Oolenoa 

Introduction i 


Latin Poet Terence once raaarkedt 
"Being haman mfeAfi I regard erery thing to do with 
huDan belnge ao ny oonoezn" (1)» It le an excellent 
renark applicable to human thinking^ learning* adjustment 
and attitude* Speaking restrlotedly* it can be very 
eafely said that our knowledge about how children learn 
Science ie very little. Tet# it is a fact that learning 
goes on in a big way among humane and* to a Yarying 
degree* animal as well. It nay be pxoYOked by new and 
nowel material as well ai repeated presentation of the 
sane in different ways* opportunities for praotioe and 
individual curiosity. Like Peel* 1S.A* Lunser then poses 
several problems which need to be answered by the research} rs 
which relate to conditions for learning maximally} amount 
of practice} the nature of learning} the contextual 
operation of intelligenoe for example* rapidity in learning* 
and the nature of difficulties underlying Various learning 
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taaicfil (2) • It is also well knovn that we least make 
use of the basic concepts drawn from the various learning 
theories and the well known empirical studies including 
notion research in our day to day inetruotion* Bven In 
this decade* no serious and sequential effort has been 
made to seleot even few conoepts* demonstrate and 
illustrate than under all possible eondltionsf for as 
many sohool subjects as possible throughAut the school 
period. Hesearoh of the practical type relevant to the 
teaching of various sohool subjeots Inoludlng Solenoe 
and Hathematloa is little in this country. Sven in this 
Boaroe literature* ideas lie scattered here and there 
which when consolidated should help us a bit in relating 
the mental development of children to the powerful oenoepts 
of Science. 

Problem solving. It is a difficult 
to define problmn solving because It defies its own definition. 
It may be regarded as a task oxi^ted situation whioh 
begins as the probla& is presuettted to the problem solving 
and ends as soon as its solution is obtained. Gestalt 
psyohoXogy le highly relevant to the etudy of problem 
solving for it makes use of those problene which have olear 




oat solatlong* The tuo baeio motlYee underlying 
pxoblem eolylng within the oontert of aeBtalt peyohology 
are t produotlve thought and insight, let us here refer 
to the wDxk of Karl Sunoker who stated hla main thesis 
as follows (3) s* 


In the present investigatloni 
the q.ueBtion is i How does the solution 
arise from the problem ? In what vay( s) 
is the solution of a problem attained ? 

■ ... k problem arises when a living 

creature has a goal but does not know 
how this mal is to be reaohed. ^heneveri 
one oannot go from the given situation 
to the desired situation s^ply by aotion* 
there has to be resource to thinking, (By 
aotlon we mean the perfomanoe of obvious 
operations)* Such thinking has the task 
of devising some aotlon which may mediate 
between the existing and the desired 
situations* Thus the solution of a praotloal 
problem must fulfil two demands* In the first 
placsf its realization must bring about the 
goal situation* and in the second place* one 
must be able to arrive at It from the given 
situation simply through action, kt every 
moment during the course of problem solving* 
the direction of a solution process depends 
on the psychological relief map of the 
prohloB situation* the disposability and 
the looseness of the elements constituting 
ths problem. 

let us now illustrats the above thesis 
with the help of one of the world famous problems as used 
by the ilestalt psyohologlets for ths investigation of 
pxoblstt solving maoni the university students. 




The Stomach Tumour froblem 


There is a patient suffering from an 
inoperable stomach tumour, fiadiation at different 
Intenaltes is available. The problem is to treat the 
tumour without destrOTing the healthy tissues surrounding 
It. What can he done ? 


— > 

JjuLie. 'Tu_»u-'0L4. 

71g. 1 which presents the world famous 
stomachi tumour prcblem 

Case study approach Is employed. The 
method of procedure la quite simple. The subject Is 
asked to speak aloud all the Ideas* both sensible and 
otherwise* whloh strike him during problpi solvltg. 

Further, the subject is free to question the experimenter 
whenever the foimer la in doubt or does not feel oompletely 
infoxmed about the problem under attaok. All the responeea 
emitted by the eubjeot are recorded. This dialogue 




oontlnaea till the problem Is solved partially or fully 
or when the eubject give it up« !Che following oondueiona 
emerged f3?om his atudles : 

(I) One eolation le as good as any other solution 

00 far as the 'way out* of the problem situation 
Is concerned* What Is reflectedr in fact# ie the 
degree of acceptance of the demands of the problon* 
Bztraneoua conelderations enter into the problem 
situation when the essential aspect of the problem 
is not grasped* 

(IX) Sanher then dlstinguiehes between functional 

solution and the specific solution* lEhe functional 
solution may be right or wrong* It only reflects 
the general range of appwaoh or even availability 
of ideas on a particular problem. At the epeolflo 
execution of the solution stage# the problem Is 
simply to fill in the minor details only* He then 
goes on to distinguii^ between meaningful efrors 
and stupid errors* fhe fozisier >arise in the 
specific execution of the right idea and the 
latter ones arise when the grasp on the problem 
Is either absent or too poor. He is then able to 




dlatlngulah betwaan org^l* solution sad 
meohanlosX solution by the types of behayiour 
shown by the (types of behayiour shown by the, \ 
subjecte during problem solving (Xn the final 
written from the folutlon^ this distinction is 
Very difficult to maintain and Ihanoker is aware 
of this diffioulty). She organic solution Is 
meaningful! less eleg^tt long and time consuming 
where as the meohanloal solution Is oonolss and 
follows a set pattern. Horeover! In the oase 
of an organlo solution! one sees olearly the 
evidence for the analysis of the material. ?or 
Instance Piaget* s work on number shows ths conoept 
of meohanloal solution in oass of children who 
compute aoonrately without even understanding the 
basio ideas* a finding oonsistant with Jhon Hott.(4) 

(Ill) asnsrally speaking In the oaee of a suooessful 

solution! each responss to the problem situation is 
in fact ths rsfomulatlon of the problem developing 
organically. In prospect! it is the nature of 
another problem (concretlsation of the goal) and 
in retrospeotf the fomulatlon of the problem more 
produQtlvely then implies tbs emergsnos of one or 




more than one functionaX eolations where nine 
Bpeolfio Btatements leade to the final foxm of 
the solution or eolutionei 

(IV) Cnee and hints are only understood when they 
approach the geo|)Xoglaal line under the derelopmenti 
a finding consletent with the Inw of anticipation 

as stated by selz* According to lt» auccees favours 
that operation which 'antlcipaiee the eohematic 
anticipation of the »}latloa' approaching fully 
Ita anticipation. 

(V) Solution learnt mechanically» that is» without 
understanding tend to be forgotten In the near 
future* Faet experience then does not guarantee 
Buooess haoause the very eaBential of the problem was noi 
grasped then* 

He rejected trial and error learning as 
propounded by Thorndike and in its place talked 
of immediacy of Inalghtful Bolution. Its eharaoterlstloi 
according to S.A* lunxer ars t SuddanneBS of aolutlonr 
Immedlaoy and aioothneae after aolutionf Ability to 
repeat solution without error on aucoeaslve presentation 
of original problems and al’lUty to transpose the 




BOlutioQ to aituatlone exhibiting the eeme 
relatlonaX or etruotnral features» but in a 
different context (2). He has Independentljr 
deteinlned the oharaoterlBtloe of Insist 
experimentally eind are quite comprehensive 
Van de deer appears to have said a last word 
on it — "A shift in meaning Is apparent. It 
meant to Indloate a spsolflo inner ezperlen0e» 
later it was regarded as a certain kind of behaviour 
and now it appears to be a sort of psychological 
principle (5)* 

Varied atudies aurveyed 
Hlstorioally spearing * 

d. Stanley Ball studied the contents 
of children* s minds and thereby emphasised the importance 
of primal^ or first hand experience rather then bookish 
knowledge* He further stated a veil known educational 
principle (known to unknown) "Oonoepts which are most 
common in a given locality are the earllett acquired» less 
frequent ones come lateri no one child haa all the misoonoeptic 

recorded^ non is free from them .. The fact that 

ohlldren see objects a hundred times without acquiring 
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oousoiouanesfl of bhot suggest that we seed to 
oonverse with ohildren about oommAn things". (6) 

Keen studied ohildren* s reasoning and found that 
ohildren under study "weah urge for expexlmMktal 
we3H.ficiatlon«" Children are sure to derelop 
illogloal oonoepte If teacher does not take sufficient 
care while introducing new experiences to them. 
Deutsche examined the nature and development of 
oausal reasoning a phase of children* s thinking 
in the context of the Qenewa schools with the aid 
of the problems with and without experiments* She 
noticed a gradual growth of reasoning in contrast 
of stagewlse growth suggested by Piaget* Secondly 
she did not find the detailed olasslfloatlon of 
reaeonlng into seventeen types useful as found by 
Piaget* Thirdly school experiences explained 
epeolflo reeponees to the speclflo questions which 
are suggested had direct and indirect implloatlone 
for teaching and learning children. (7) Oakes 
investigated qualitatively ohildren* s explanations 
of natural phenomena and concLLudod that all age 
groups regardless of meateO. ability and grade gave 
all types of ansvere* Further adult groups did not 
follow any definite procedure while explaining 






unfamiliar phenomena* Pourtbly he did not find 
a dlflnlte stage In children's thinking oharaOterlaticB 
of a given age* (8) He thus oonflmed the earlier 
findings of Hutechst Eeenr Haalltt* Johnson and 
JoBty Susan Xsaao and Bang» who had found that both 
imerloon and Chinese ohlldren' gave naturaXlstlo 
factual and logical explanations of phenomena'* (6) 

W«H* Klngf while exploring the development of 
scientific concepts of children (N«k 1235 between 
5 to 12 years) with the aid of seventy questions 
suitably olasslfied into five categories t Lengthi 
tine dlreatlon» volume and welght{ mainly meohanloal 
prlnolplesf lever« wheelst living thlngsi seasons 
flAd shadows oonoludedi 

(a) Children at all ages gave all sorts of responses. 

(b) Iilke Oakesf no stages In Causal reasoning as 
propounded by Piaget were notioed. Responses 
appeared to be* largely speaking the function of 
(Luestion rather than eolely the function of age* 

(o) Some children showed difficulty In vezbaliaing their 
oonoepts which In faot they had understood as earlier 
reported by H«H« Bussell* He thmi added } 

Perhaps there is a need about eight or nine years 

I 

of age for the harnessing of this expensive so that 




ohildren Of primary school age have aooQmalated 
a knowledge of solentlflo facts and that this 
knowledge Increases with age In some oases steadllyt 
Some of the answers had to he obtained by reasoning 
on the basis of past experienoe and these also showed 
steady increase with age apto eight or nine years* 
leyond that* apriorl reasoning wan not saffloient 
and adnlt gnldanoe and explanation seemed essential* 
at least* in oonoepts relating to eatlmation of 
length* direction* weight and volume. (9) 

N, Yaidya investigated several sohs&ee of 
thought in Boienoe anong 200 pupils ( B » 0) drawn 
from grades 71 to X in e^ual number (B » 0 « 40) 
who were controlled on X.Q. * age* gr^de and soeio» 
eoonomie atattts* Problems ware presented individually 
to the pupils whLoh related to (1) using constant 
differenoes (2) udng proportion (3) proposing tests 
(4} stating as well ae testing of hypothesee and 
grasping the essenoe of the problem* 

She main findings of this study indicated that t 

(1) Ixoept oooasional fLuotuatlons* average perfoxaanee 

on each problem Inoreases with grade* Mean perfomanoe 




In DOint of tho cases favours Ijojib rather than 
girls* Sut both of they try to hard to equalise 
their perfomahoe ae they novo Into higher grades* 

(il) A gliVen problem* or a part of the problem or a 
process In that problsa* la solved successfully 
(or failed) over a vide X*Q* range both vlthin and 
aero es the various grades* 

(111) A given problem is solved in stages* It is possible 
to Identify stages in the solution of any problem* 

(iv) OnexpeotedXy* pupil oommlt a large number of errors 
vhile engaged in problem solving* Ihese errors 
further Inoreaae in the higher age group vhen they 
fail to graep the main requirement of the problem* 
Among these errors* the dominant ones* shared by 
more than 15 per cent of the pupils* largely speahlngt 
suffer "a tanap** before they finally decline vlth 
Inoreaelng grade* 

(v) Contrary to Piaget* pupils are not In a poeltion to 
exhauet or suggest all possibilltlee* Combinations 
and possibilities* Over three fifths of puplla from 
grades VI to VIII are badly affected when a proble# 
Inheres rfrerslblllty In thinking* 
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(t 1) She oonplex problem solTing prooeeBee arleo from 
almpla thinking prooBsees* 

(vll) The rolB of the nature of the problem being orltloal 
In investigating thinking. The adolesoent pupils 
contrary to Fiagst, are affected to a great extent 
by the content of the problem. 

(viil) AdolsBcent pupils are in a position to set up 

hypotheses but not in a poeition to test thm which 
shows that their minds have not become experimental* 
Most of the adolescent pupils poresese sohemes of 
proportion as well as general! sat ion to algebrlo 
symbols* 

(lx) When a problem is solvable through two sohemes of 
thought, one inferior and the other superior, and 
if the latter Is not well developed, the resort to 
the fomer may favour <iuiti a few in solving that 
problem* 

(x) Hxoept oooasional flaotuatlons, tbs mean perfomahoe 
on the Various sohcmes of thought shows an increasing 
trend with grade, fthsn mean and standard deviation 
are kept at 20 and ? respectively, the gains in terms 
of T scores over the five-year period are dismal, 
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implying thereby that they are alow and laborloue 
ao they evolve aoroee the gradee. 

(zl) Uelng principal component analyeie on the combined 
matriZf containing 45 Variables and the Varimaz 
rotated factor etmotares with a view to obtaining 
the hypotheeized factors and interpreting them 
peyohologloally* the following multiple factors 
appeared i 

(a) aohematlo learning general 

(b) Adjustment 

(o) Problem Orientation 
(d) Sen Bing Problems 
(s) Symbolization 

(f) f eating Bypothsssa 

(g) Using constant Biffsrencs 

(h) Aspeot oharaoter 

(1) Seeing the problem ae a whole* 

(zll) The top group differed from the bottom group on 

all the five measures of adjustment^ understanding 
of the problem and all the seventeen sohemes of 
thoughts* They did not differ signlfloantly from 
eaoh other in respect of the following Variables 
felt difficulty of the problemi confldenoe In the 
problem and interest in the problem* 




6. No. JDitbor 


X%bX ntlo of 
the study 


Halo Hndlngs 


B.S.Bloomds 
L.J. Broader 


4* R.Jf*Mealings 


1950 Problem 
BOlYlng 
prooesBes 
of college 
students 


The suooeasfol probion 
solvers differed from 
the an successful problem 
solver in reepeot of 

(1) Ability to use of 
rather than them the 
possession of the total 
fund of unlnfomation. 

(2) Extent of thought 
brought forward on a 
problem, (3) Attitude 
towards reasoning 
oonfldenoe in the 
problem and the Intro- 
auction of extraneous 
considerations into the 
problem situations. 


1961 


dome aspeots 
of Problem 
solving in 
golenoe 


1) Problaa solving In 
golenoa is more related 
to IntelXigenoe than to • 
ohronologioal age* 


2) There appeare to be 
minimum mental age of 
13 years before a child 
oah reason foimally 
about a problem. 

3) Children should not 
be expeotsd to solve 
abstract problem below 
the mental age of I6jr. 

4) there is a time long 
between the maplrloal 
solution and fonoel 
solution* 
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S«No. Antbor 


Tear Title of 
the Study 


Halt! Hndluge 


5. ir.Taldya 


6. StJaokeOA 


7. L. a. Dale 


19^4 


A study of 
prohlea 
solirlQg la 
Soience» 

Among certain 
groupe of 
adoleecent 
children 


1) Though adoleecent 
pupile are in a poeiUon 
to state hypotheaee 
most of then are not 

In a position to teat 
then. 

2) They do not»contrary 
to Piaget^ exhaust all 
pooslhllltles* 


3) A given problem la 
solved over a vide IiQ. 
range not only within 
a given age group but 
also score the Various 
age gxoupa. 


1965 


The Qrovth About half of the 
of Dogloal IS'-year old do attain 

Thinking In the fomal operational 
Normal and stage* 

Sub-Noxmal 

(Children. 


1970 The Growth Very few adolescents 
of Systoaatlc perform at the 
thinking t formal operational 

Replication level* 

and Analysis 
of Piaget's 
First 
Ohs&ioal 
Sxperlment* 
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S.No. Author 


Tear Title of 
the study 


Main Hndltiga 


A* fNevell 
& 

H.A.Sltton 


1972 


S*A*Iiu&zeri 
C. Harrison 
k 

K*Bavey 


1973 


10. S.C*S0i&errlUe 1974 


in K.I}. Case 


1974 


Hui&an Logic contributes to 

Problea infomation processing 

Solving psychology through 

the presentation of 
ideas by symbols and the 
consequent alteration 
in meaningful vays by 
precisely defined, 
process symbol 
manipulation can refer 
to a much iiider range 
of phenomena than 
simple-deductive logic. 
The probloo solver can 
be described and 
understood as an 
infomation processing 
syaten, 

The Pour Vhereas familiarity 
Card Problem with the problem 


and the 
generality 
of formal 
reasoning 


The Pendulum 

Problem 

Patterns of 

Perfomanoe 

Defining 

Developmental 

stage a* 


Influence perfomancei 
the incidenoe of formal 
operations is quite 
lov in the general 
population, 

The development of 
fomal thought is 
strongly dependent 
on age rather than 
sex and even the type 
of sohool. 


Learnings and Even the 7«6 years 
Intellectual intelligent and field 
Devdoiment independent pupils 
vsre able to aoqulte 
the control of 
variables in the 
absence of conservationfl 
of velght or combina* 
torlal grouping. 



Si NO. Author 


Year Title of 
the study 


Main Hudluf a 


12* L.A. ffrayhlU 1975 


Sex differences Sex differences 
In Problea favouring hoys In 

solving ability foimal thinking 

were noticed* 


13* H* C*Llnn ft 
S. I, Levine 


1976 Adolescent 

Reasoning the 
development of 
the ability to 
control 
variables 


When the results vere 
stressed and the 
j^rooedure irae hidden 
from vies I the 
performance of the- 
young adoleeoent 
pupils was Impaired 
thgn the older ones* 
the gap between the 
two being as vide as 
four years* 

2) Both groups of 
Bubjeots pezTormed 
similarly on the 
problem when the 
results were not shown* 


14. H.Shayer 
ft 

H, Wylman 


1978 The Distribution 
of Piagetlan 
stages of think* 
ing In British 
middle and sec* 
school ohlldren 
14 to 16 years 
old and sex 
differentials* 


There appears to be 
a stayput in thinking 
1. e* I beyond the age 
of 15 years there Is 
no Inorease in the 
proportion of pupils 
showing formal thinking 


15* T. g. Sandhu 1980 A Paotorlal Perfomanoe on 

Study of Adoleaoent Piaget type tasks 
thought using inoreasee with age, 
Piaget type taeke. 2)BoyB perform 

either equal or 
better than girls 
on the taake at 
reapeotlva age 
levels* 



a.No* Author 

Tear 31 tie of 

Main Plndings 


the Study 



3) fitLgnlfloant 

00 rrelation exleta 
between Intelllgenoe 
an^ the ailolesoent 
thought and betireen 
aoademlo aohler^ent 
and adolesoent 
thought* 

4) Per8onallt7 factors 
play a signlfleant 
role in derelopnent 
of adolesoent thought. 


16. S.O.Jaln 1961 A Study of Froblen solving 

problen ability differs 

solving slgnifioantXy anong 

behaviour in pupils operating at 

Physios three levels of 

among certain intelleotual develop* 

groups of ment. 

adolesoent 2) She perfomanoe 

pupils on problems slgnlfl- 

oantly inoreased 
after hints vers 
piovlded. 

17* H.Hathur 1961 A Study of Perfoxmonoe on 

Sroffth of Piaget type tashs 

Bxperlmental shove an Inoreaslng 

mind during trend with grade with 

adolescence qtulte a bite of 

fluotumtlon oertain 
tasks* 

2}The oapaolty of 
grasp'^ the esssnoe 
of the problem* 
Inmneaiing vlth 
grade* 



S*liro. Autlior 


Tear Title of 
the Studj 


Main Flndltige 


18* Vandana 
Saizada 


19. Satara 
Bahadar 
Shreahta 


20. Maaja Jain 


1981 A Study of 
Relation* 
ehlp hetveen 
prohlan 
solving 
ability and 
some relative 
personality 
traits using 
Blagetlan 
tasks 


1983 The aotiulsltlon 
of problen 
Bolvlng 
prooesses 
daring 
adolesoenoe. 


1984 A Study of 
Plagstlah 
logloal 
thinking 
anong certain 
adolascent 
groups using* 


1) Problem solving 
ability Increases 
vlth agSi grade and 
Intelligonoe* 

2) Sex differences 
favouring girls exists 
In Problem solving. 

3) Personality traits 
like persltenoy.Breglc 
tension* oonflxmity* 
tend emlndedn ess* 
undemonstrated persecuted 
and some other correlates 
which Influenoe problem 
solving. Whereas others 
like reserved and 
detached. asBertlveneas 
and aggreslveness* 
mstfullneas do not 
influences problem 
solving. 

Saoh prcblen inhearing 
a oontlnucus chain of 
reasoning .has its own 
distinct factorial 
structure* 2) Prooesses 
of thought underlying 
the problem can be 
predetermined. 3) These 
processes of thought 
across the problem 
constitute distinct 
schemes of thought on 
appropriate grouping, 

1) Kaiorlty of idol ascent 
pupils aged iu to 14t 
are not In a position to 
reason fomally. 

2) The mean perfomanoe 
of individual tasks 
Bohmnes of theught*totsl 
adolssoent thoughts shows 
an inbrsasing trend with 
age. 



S.Ho. Author Year Title ot 

the Study 


Kala FlndingB 


21. M.S. 
Padminl 


3) The nathcnatlOBl etruoturei 
of teat and taeke ehoved 
the exletenee of following 
six faotorei natnelyi 
oomhinatoilaX reaaonlngy 
graaping aenae of the 
problemf aaper ego strength, 
probability reasoning. 
Classifioation reasoning 
and using constant differenoei 


1964 The exclusion Adoleeoent pupils are in 
of growth a poeitlon to state and 
Variable teat hypothesis in all age 

during groups. Both the variable 

adoleaoant show a increasing trend to 
age and grade. Hovever the 
major parts of a thought 
is oh^aoterised by Brgatio 
behayiour prelogloal thought 
and oonoveate behaviour. 

2) Sex differences in problem 
solving sometimes favouring 
boys at other time favouring 
girls and sxlsts from task 
to task. However suoh 
differenoes beosns less 
marked between girls and 
boys saually treated at 
home. 

3) The mathenatlosl struoture 
in test and task Indloated 
siistanoe of two ilghlflcant 
faotora * stating h^otheses 
and testing hypothesis. 





Tear 

the Study 


Hain ?ln^nS» 



42, APasA 
^ Judith 
ale 


23, H.B. 
Kesehla 


1984 An Inveatlgation 
Into problem 
BOlTing in 
phyaloal therapy 

Sduoatlon 
Prerefiuliitee 
tnd ourrlculuB 
eolrlng and 
motivation 

_ a 


Problem eolving ekille 
can be Improves through 
Education. *^#.^*.* 

Some negative effecta 
of ooffipetltion vew 
demonotrated for SAfteS 
(high achieving) etudente. 


Inoreaaed 


BOoeaeB w* - ; 

Inoreaaed iriae age end ^ 

grade. Higher mean 
aoorei favoured maXee ; 

rather than tmtlw ! 

chiWreU of teabhera# 
doctoral mahagere and 

other i 

perfomed better thyi 

Sthere on achenea of , 

thought 

ration and olaafliflcation. , 
Chlldrena of 

and houae ** 

on aohemea of ^ughta 
like UBlng 

difference. Oomblnatori^ 

alM* •»»“!« 

■111 . 

So*.**.. ;**T*^‘*’ 

atruoture of teaka 
teata ueed 

Bhowed the exietenoe of 
faotora namely 
itttelleotuaX operatton(i? 

olaeelflcatlona and 
general!eed logloal 

thought. 




a,Ho. Attthor T«ar Wtle oi 

tile Stady 


Main Findings 


24. Sdtya 1987 Ooiabinatorial 
Ha^diratta group 


Ihres groups of pupils 
olsBslned on aoMersuent 
differed from saoh other 
on all the four processes 
of coBbinatoilal structure 
of tests used in this 
study indicated the 
eziatehoe of three factors: 
Aoademio aohlevement using 
two beahers at a tlae 
interestingly enough, seeing 
the problsn on a vhole did 
not offer as a full fledged 
distinct factor. 


29* Veena 
Shaina 


26. Haehna 

David 


1986 Con serration 
deralopnent in 
Blind ghlldren 


Mean perfoaenoe on 
00 nserration sboira «n 
increasing trefld with age. 
fhe group of blind fellov 
follows more or less the 
saoie developmental patterns 
ae the group of sighted 
ohildren. however, a tine 
lag sziste elgnlfioant 
differenfes were noticed 
in Various oonservatlons 
at different age levels 
the UBS of factor analysis 
showed the existenoe of 
the following factors, 
namely, aohisvenent, 
oonservation of numb era, 
mathematical ability and 
language* 


1988 A Comparative 
Study of 
pxnblmi solving 
behaviour 


the Inoidenoe of concrete 
thought favour boys rather 
than the girls. There is 
noticed algnifioant 
relationship bstween soores 
on oonorete thought and 
nsasttres of creativity. 


u 



SJO* Aatbor tear Tltla of 

the Study 


27i ViPi 1966 Beaeohlng 
AgamI pattern a in 

Soianca anong 
adoleooent 
pnplli atulying 
In different 
type of aohooli 


28 1 ArlnaBh 1969 Hypotheaie 
Qrewal nahlng and 

teating atiUty 


Haln Findings 


Pireoted ohaemtion or 
keenneea of ohaei^atlon 
doea not appear as a 
aeparate factor. The 
nathnatieal atruoture 
of taaka and teats 
indicated the existenoe 
of 9 factors namely 
oreatlve thinking the 
eeaenoe of the problem 
insight and oonaerTation 
of inai^t. 


Majority of adoleseent 
pupils fail to reaoh the 
fomal operational stage i 
type of eohool management 
doea influenoe the growth 
of fomal though the 
mathematloal etmoturea 
of tasks or tests used in 
the study shoved the 
existenoe of four faotorst 
Organisation Tersns die* 
organisation! abstract 
thought (Piagetlan) 

Aoademio aohierement and 
Directional diversity. 

Soores on hypotheala making 
as veil as listing abilities 
vers found like significantly 
correlated vise intelll^enoe. 
Measures Of creativityi 
iiohool aohievment and 
800 io**eoonomlo status. 



840. Author 


27. V.P, 
Agarval 


28* Arluftah 
Orml 


7«ar Xltlt of Kala Flndinga 

tba study 


Sireoted obsomtloo or 
kaannaea of obaerration 
dOit not appear aa a 
aaparate faoton fha 
aatha&atloal atmoture 
of taaka and taata 
Indloatad the eilateaoe 
of 9 faotora naaeXy 
oreatlve thinking the 
eaeenoe of the prohlin 
Ineight and ooneerration 
of Inelght. 


19B8 Beaaonlng 
pattema In 
Solaaea anong 
adoleaoant 
pttplXa atnlying 
in different 
type of aohooXa 


Majority of adoXaaoent 
pupil a fall to reaoh the 
fomiX operational itagoi 
type of aohooX nanagenent 
doea influence the growth 
of lb max thouti^ the 
nathanatioal Btiuoturea 
of taaka or teata need in 
the atudy ahowad the 
axiatenoe of four faotorai 
Organ!eation roraua die- 
organlaatlon» ahatraot 
thought (Fiagetian) 
Aoadmlo aohiavenent and 
DlreotionaX dlyerelty. 




1969 Hypotheala Sooraa on hrpotheaia naking 
Blueing and aa wall aa Hating ahlXitlea 

taating ability were found like iigntflcantXy 

oorrelated wiee inteXlltanoe. 
Neaauree of oreatlwltyi 
aobooX aohieweBent and 
aooio«eoonoBio atatua. 




latbor Tear Iltle of 
tho Stady 


Main Plndln^a 


aaoondly Hypothealae testing 
ability ia not Influenoad by 
the type of Inetruetional 
aettlnga and tbe grades faotori 
She laatbeuatioal attuoture 
of the taaks and testa ttaed 
In the study showed the 
exlatenoe of fire faotors* 
Divergent prediction ability 
general mental ability» 
soelo*eoonoinio faotorsi 
hypothetical thlnldng and 
develOEiaental factor* 



Main Flndlage i 


It l 0 an exoltlng 6ntert>rise to etady the funotlonlag 
of bnnan nlnd« Why ? It enablea us to familiarise Qurselres 
vlth the eoaroee of knovledge* Ihelr nature^ growth ani 
deTelopneat. If one penetratee a bit deeper» it amounta 
to studying 'hnah'* it self for knowledge enters intemately 
all human life* So one gets at the developing model of man 
se it is being built up by payohology. It la in our own 
interest to know more and mors about the "ability to think" 
for it is bound to pay off in ts»o of allround adjustmenti 
effective aohievenent and in general refleoting oitlaenry* 

IChe reported researoh in the proceeding pages enables us to 
draw the following tentative oonclusions t 

1« The human mind le highly dyanamio* It aots on its 

own and therebyi proeeasea quite a bite of spontaneous 
thought* It would be an exaggeration to add that it 
is a readily available reeerroir of oontinually 
developing thought which, in faot Is InaxhaasllhiXas* 
It on oloee rslleotion and under controlled 
experimentation when understand oan be used eaeily 
for the deiveLopoent o| several dlveree oonoepts 
underlying the varloue sohoole eubjeote* 




2, The oonorete operatlo&aX etage la qallie dominant 
among normal adoleaoent papila vheroaa adolaaoent 
paplla are In a poaltlon to aat ap the hypotheaea* 

They are not in a poahtion to teat th«. At heat* 
they can teat one Tarlahle at a time in moat of the 
oaaea* It ie aafe to conolade that their individual 
mlnda in general hare not yet besome experimental im 
oharaoter. 

% The adoleaoent paplla are aeen to etloh to their own 

ideaei Vhen oompelled to thinks they do prefer to teat 
their own ideaa in the firat inatanoe* They commit a 
large number of errore while solving problene* These 
errors suffer 'bumps' before individual oonoepts finally 
settle down in their heads* 

4 * Thera appeara algnlfioant relatlonahlpa between aoores 
on Piagetian thought and eeverml outside variables 
such as ohronologloal age* mental age# grade ^personality 
traltsi sofllo-eoonomlo status and probably managomcmt 
of the school* 3ex differences in a problem eolvlng 
exist but these need to be studied in relation to the 
race. Oountryi region i wral/nitian divide and fin ally» 
say relegion. 
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Thog90 our limited obeezTatione are « 

(I) there are no algnlfioant sex differenoee In problem 
Boltlngi If hoye and gixla are treated equally at 
home. 

(II) there are no al^ilfloent aez differenoee in problem 
solving« if boys and gixla try hard to equaliee their 
perfoxnanoe in the top group* 

( III ) There are no eignifloant eez differenoee in problem 
solving if boys and girle belong to the baohvard areae 
of the distrloti* 

(Iv) There la a general tendenoy among all adoleeoent 

pupils to think maximally on Piaget and Piaget type 
taska* These talks diflnltely fire their Imagination* 
Bzoluded from purview« of oouree^ are not the blind 
pupile too* 

5 . It needi to be etreesed that different eohool eubjeote 

dimand Varying amounts to foxmal thoughtsi mathamatioaXly 
and soienoe daeand the max^mn®^ Secondly the role of 
faet experienoee ae well ae hints and ones Is little 
understood in problem solving* In faot hints and ouee 
only favour those who are at the tranaitlonal etage of 
develeimentf i*e»f neeree to the mental etrueture ( 4 ) 




raaalred for the eonopu&d deTd.opiaeQt. Lastly, 

It 18 true that a probXen la solved In stages hut 
at the aaiBe time It Is Very dlffleult to specify 
its parameters* In other words the concept of stage 
simply serves a praotloal end* 

6. It is observed that the very language of Haget as 
well as of the Piaget type task is deoeptives* It 
is therefore essential to establish eauivalenoe among 
the various tasks snpirioally, othendse It Is dlffloult 
to reoounoll oontradletlong In various divergent sort 
of findings* For stesople problems supposed to be 
formal may turn out to be oonorete one and vloe versa 
to at other times* there is also seen a siifflolent 
time lag between the experimental solution and its 
formal eolation In general terms. 

7* It Is possible to design tests md tasks soorabis on 
"0" and "1" basis whlohmeasares mors or less than 
sans thought as measured by Piagetian tasks* In other 
vorde psyohometrio thought li not at rigt* ae it le 
lads out to bs in literatures* When benoh marks or 
msasttiing rulers beoome aTallibie the pyramids cannot 
olalm immunity from aeasarsnent. Howeveri the length 
of the ruler tan be questioned* 




g. It le posalblOf largely apealclngi to pradetomine 
the prooesd of thought underlying a given probleui 
It l 0 e<iually poaelhle to olaaaify the prooesaea on 
the prlnolploA of ooaunonallty acroes the prohlaa* 

Apart from pereoiiallty traltai our factor analytlo 
atudlea hare ahown the extatenoe of the folloving 
aet of faotorai a ploture vhloh can he laprore theae 
facto ra are «> 

( I ) Qnanlraraed factors* general facto ra* general 
aohmatlo learning and generalised logical factors. 

Iheae faotdra are oXoaely a kin to eaoh other. 

(II) Creative thlnelng (divergent thinking), 

(ill) Plagetlan thought (sohenea of thought like oonaerration* 
olaselfioatlon and proportion eto. Theee reflect both 
oouorete as well aa abstract thoughts), 

(ir) Aptitudaa (languagei llngilatio canaal). 

(v) aootal and oanaal reasoning, 

9, It le further seen that psychonetrlo and developmental 
etudiea on intelligence have yet to converge In a elngle 
endeavour. 

Xhere are a number of oohwehe yet to be rmoved 
from the theoritioal point of view. It la also equally 
worthwhile to explore the exiatence of the fifth stage 
of mental development. Its aadatenee had besm bypothalaad 
by Piaget towards tha end of hla life. If ao« it would 
take dare of aptitude variations and oarosr oenmltaenta 
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on which Flnget «&d hie oowtriceva hate little to 

ear* 

fO. It ie oar ezperlenoe that fomal reasoning refleets 
a general aode of intelleotual fnnotlonlng acroee 
experiences end takes contrary to Piagets adolescent 
pupils and that matter adalts too do not beoaae foxmal 
reasoners heoause of age faotor above* do it is the 
best sarprlslng that defloienoles in fomal reasoning 
had to defiolenoes in eohool aohievement say in 
nathenaUas and physloe in particular. !l!he dsvelopnent 
of foxnsl reasoning is related by the both at home and 
school. Oognltlve ■alnourishoent is a vide spread 
problem for the development of whioh diverses ae well 
as Imaginative measares are very muoh necessary* 

let us now see how training Influenoes thinking. 

11 . It le seen that training ezperlenoes and praotloe 

influence thinking of inteUigenoe is regarded as a mental 
skill (based upon Innate ability). Ihe influence of 
training is more remarkable if the objectivity of training 
is highly narrowed down to illustrate. 

When soientlfio principles are approached through 
experiments^ the non verbal aspect of problem eelving 
ie influenced pasitivtly whereas no influence is noticed 
in the verbal aspect of intaLllgenoe. BOwsver, speaking 






refltrlotedly a speoiflo progretame of Inetmoting 
faolXitatea the aoqLulsltion of the oorraapondiBg 
apeolflo oonoopta and azperlaental oondltioua* 

Training genemtag id«aa and bypothegoa* Training 
inflnanoea porfoznanoe oran whan a naar Tariont of 
the old prohlaa la given* Sxperlaantal group a* largely 
Bpeaking ahoved algnlficant gains in learning over the 
oontrol groups. Use of thaaatlc material Ijnprovea 
perfonnancs. Training propeiiy designed and evaluated 
too is helpful over a vide age range* younger pupils 
hovfver* do need more of oonorete Inetruotiona. Speolfio 
training aide in the Imergenoe of sohemes of thou^te. 
?or example "JEzdneion of variable^. The traind 
oonoept so aoquired Is seem to be normally spearing 
minimally general* It vould not be out of plaoe to 
add that direct Inetxuotion even a properly planned 
is not very hd.pful. In enhancing sohemes of thought 
in other vorde* generalisation or its transfer effects 
to the solution of other problsas are limited. 

13 . It Is possible to Inorease Inciairy behavlhur through 
reinfo roes ent* Use of formal reasoning in problem 
solving depsndfl upon ohronological age* mental age 
and grade* 






14. 


Training la more hd.pini of a pupil become hlg oim 
teaober gradually. Initially exploratory* Inrentlon 
and dleoovery leaaone go a long way in developing 
formal reasoning. It may just turn out to be the 
oaee that the InOredence of puberty may not be a 
precondition for formal reasoning. 

It is further auggeated that teacher like Piaget 
should listen more and more to the inaoourate answers 
of their pupils. 

On the basis of the knowledge thus gained thus 
would be in a position to improve their strategieB 
and taotloa of teaohlng. Secondly it takes time for 
soheme of thought to develop. In faot these develop 
from year to year is gradual to elow. However content, 
context and Initruotional intentione are some of the 
factors where diffioultely Influenoee learning. Thirdly 
eelf learning and pupil to pupil intemotion in olaee 
may be encouraged and eearoh to made for premising 
results* if any pupil may thus oftsn up in their own 
learning, lastly, pupil use worils metmnarphioally. Our 
lose of knowledge about where to human mther then go 
an hammeilng all the time meaeuree aoeese to the child 
mind difficult. 
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Aocolera'ted 


Learning 




I nt rod notion 


Why do children go to eohool 7 

What varied profeasional servicoB do trained teachere 
provide 7 Ar® flohoola really perfoimlng the Job for 
which they have been established by the state 7 Should 
parents ineiate on more and more learning on the part 
oftitteir wards without really understanding what really 
is at stake ? fhere is a host of problems here. Our 
so-oalled lesson plan in vogue hardly informa us about 
the way children learn a subject. !llie so-called principles 
of teaching hardly elailfy anything^ for examplei simple 
to complex* concrete to abstract and known to unknown eto« 
This criticism also applies to the various approaches 
to learning t trial and error* lea^iing by observation 
aod learning by doing. Bven factors like motivation, 
proper orientation, student's desire for recognition, 
accomplishment and new experiences and teacher' a attitude 
towards his work do not escape this criticism. The main 
difficulty with this teiminology Is that it has acquired 
psyohoXogLoal status In the very prooeee of rationalisation 
over the years* Secondly* it fells to provide detailed 
guidance to the practising teachers in their day-to-dsy 
work* Amidst these larger questions, a narrow question 
worth asking is t How Intellectual structures are fosmed 
by pupils as they grow ? If some positive answer is 
available, can these structures be then accelerated ? 

It is characteristic of our times that as soon as we ask 
ourselves a question whether we can accelerate that process 




or not* Wo definite answer le available* It la etlll 
possible to coneolidate the varied view points of well 
known psychologists* 

(a) 1*3* Vygotsky* a View - 

Jean liaget leaves as wondering 
about the educational implication of his work* Vygptsky 
goes a step. ?urther by saying some what as following t 
"Instruotion precedes development". He» therefore» analyses 
intellectual development as a function of instruction 
explloity. For hi«i oonoepts do not exist in isolation 
like 'peas in a bag** Concepts are measures of generality 
whioh interact with eaoh other* Baoh concept throws light 
on lower concepts* For ex8piple» algebrlc concepts throw 
light on arithmetical concepts* Further# he distinguishes 
between two types of oonoepts# namely# every day oonoepts 
(spontaneous) and sclentifLo concepts. They develop in 
Opposite directions but it is the instruction which is the 
main source of child* s ideas* It corrects# info ms ,and j 

develops hla knowledge* Instruction is not something 
external but is seen to be integrated oloeely with development. 
So# planned instruction can accelerate mental development or 
cognitive funotlon* We should aim at the ripening of such 
functions* The views of Piaget and Vygotsky along with the 
oonoept of productive thought thrown in from the Gestalt 
psyshology# it appears# present an viewpoint 

to the teachers for teaching seveial school subjects. 




(^) Z.P* Plan 08 * a View - 

HIb worlc is on the concepts of 

ahstraotlon and generalisation but with this limitation, he has 
studied the attftinment of spedfio mathooatlcal concepts \ 

in depth. Xn his wrk| he distinguishes between the constructive 
thinker and analytic thinker. Xht former takes on overall 
view of the goali worses intutively towards it, does not 
eonoexn himself with the details in the beginning but hay 
attend to them later on. Such children» according to hlnii 
manifest constructive thought and are at the concrete 
stage of mental development, On the other hand, the 
analytic thinker progresses towards the vague goal initially 
and console ualy, step by (Sdldren at the A>xnal 

atage of development exhibit analytic thinking. Xhe 
emergence of the analytic thou^t becomes higbly probable 
when oonstruotive thou^^t has already been well developed, 

Hhere may be certain oases when poor oonstruotive thinkers 
may manifest analytic thinking, Xn that oasot one can be 
pretty sure that they manifested * Shadow actions* without 
any logical sequence of various events. He then onphasises 
that the majority of children need a lot of oonstruotive 
aotlvitiee before we oah expect them to develop analytic 
understanding. He has investigated and illustrated his 
ideas with the help of his speoially ennstruoted multi][>ase 
artthmatie base and algebraic experiences material* Be 
has then formulated four principles of oonoeptual learning. 

Which are > 




1 ) She Dynamic principle 

2 ) Ihe perceptual varl^llity principle 
?) The mathematical ^raiiahility principle 
4} The construotivftty principle* 

Our gain vill he immenaa if we olaeslfy the 
whole eoienoe ayllahug (eq.ually true to acme other aohool 
subject's) at these four levels in the fora of learning 
altuatlone to he gradually presented to the youngeaters 
at Various age levela# Aochlerated eolentiflo and mathematical 
thinking may then result. 

(a) It ie said that advances in knowledge take place only 
when assumptions underlying thought processes are questioned, 
Bereijter and Bngelmannt while working at the Institute for 
Research on Bxoeptlonal children at the univerelty of Illinois,, 
in Vi^anai operated^ a sort of intellectual preseure cocker 
In quite an unconventional way* They^ in the proceeB, 
rejected much of proyesslam in the play oriented nursery 
aohool* In stead I they concentrated forcefully on limited 
skills of teaching for about two hours a day* Det us 
illustrate their approach in a mathematics lesson with 
four pupils* 


It is time to think about •«« work* 
he began faihly shouting. Are you ready 
for tough stuff T On the blaOk board» 
he wtltes 6 4^ 3 « 7 




Xinmedlatelyi the children atarted roaring 
'Sight plus zero etiuals el^t» Sight pine 
one equals nine ieight plus three equals 
eleven and the gums like ? -f 9 m 13 and 
7 - 5 w 2, It look like algebra for four 
year olds* 

It does not take muoh time for them to extract 
meanings fxom statemente. They are In a position to 
tsiLk In simple sentenoes* They Gd.BO get experiences 
of Buooess as they go along with thdr work* Teachers 
have faith and confidence in their children and wice 
versa* It la interesting to note that those games result 
in the very prooeas of woxk with deep Involvement and 
ooQunitment to a common task* 

(d) It is necessary to distinguish among logical structures 
of a subject; its underlying processes of techniques and their 
psyohologloal mods of presentation* It is possible for 
the ohild to acquire knowledge at an early age ^en It is 
of immediate Inter net and value to him* Aooozdlng to 
Vale. I two situations may have different underlying 
psyohologloal prooesses even when their content rmnalns 
the same* Hyram pointed out that sohool work improved 
when pupils were trained on logical operatione* Similar 
was the experlenoe of Horf when he tried to induce olass 
Inclusion^ uelng direct training on the operatione of 
logical multlplloatione* These reeilts* however* did 
not receive support from the studies of Lovell and OgUlva* 
and Lowedell* Intereetlnglyt L* Blkind found that 33 per cent 


loa.. 




of the Anerlean pupila in the age groap of 12-18 years 
failed to oonsexve volume* Heno6» there 1b a scope for 
ImproveoieDt here to aoqiilre this scheme of thought unaided* 

Heroi there may underlie problems which may be philosophical» 
psychological and teohnloal* 

(e) Harola 0. Linn ft Hexhert S* IFhey investigated the 
effect of experimental Solenoe on development of logical 
thinking in ohlldren* They set up experimental and control 
groups* With a view to obtain evidence whether SOIS project 
really contributes to cognitive growth. The unit for treatment 
with experimental group was that of energy, one which 
illustrated interaction* The role of teachers who were on 
the 3CIS project is different* It is to stimulate ihe 
cognitive growth of children which Implies that the teacher 
is not in the class room to tell children what Science is 7 
On the other hsnd^ she is there t) help them to find out 
what Science may be* She has to create an eiwiroinment that 
invites and supports curio sity* modes of investigation and 
inquiry* They designed a group test presented on a 16 mm* 
film called the cost experiment which went down the ranP 
from either position* It moved on a blue or brown surface^ 
hit the vaU and oome finally to rest after bouncing 
repeatedly* The e3Q)erlmeat was carried out on the fifth graders. 




The oontrol groups corns from ^fth grade and eighth 
grads, fhs main findings of this project Indicated! 

1) The unit taught did succeed in advancing logLoal 
thoughts. The fifth graders of he esperlmental 
group showed gains In scores In oompariaon to the 
central group of fifth graders. Hay their scores 
were very close to the control group of eight 
graders, 

11} The gains In scores were due to the fact that 

students act on things* use materlaLs* name variable* 
and Carry out discussions among thsmselves. Use 
language aid skills In logical thinking are the 
other factors which could he taken care of while 
working with fifth graders. 

ill) There existed large individual differenoeo In scores 
on the cart experiment both for the Afth and eight 
graders. But Interestlngjly enough percentage of fomal 
reasoners In both the groups was more or less the 
same. Then they state that educational programmes 
while accelerate cognitive growth do require some 
sort of mechanisms to tackle the problsa of individual 
differences. 

(f) Teacher la not merdiy a spectator and observer of 
olaes-room effmts or merely facilitator. He Is expected 
to plan hls teaching schedule with certain objectives In 
mind. He has to find varied ways and means to aohlsve 




theBd o 1 };]dctive 0 , Ha should hegln where the children 
of hie olaae are rather than where he la* He ia free 
to denentraliise hie methoda of teaohing even to the 
point of extinction. Individual and grou|i vorb; oan be 
so arranged where individual children are free to Judge 
the relevance of what they are talking, diacuaaing and 
evaluating. Heaearoh on training studies has suggested 
certain strategies for aooelerating thinking. According 
to D« Huhn (1974) auoh studies centre on ; 


1. Ipuining attention. These children should he 
trained to ignore the ixTslevant features of 
the problematic aituationa, fdr example, faCtetra 
ol length, hd^t and width in oonaervation experlmente. 
Why ? 5be length of one of the two equal matoh- 
atioka does not increase i^en it is moved side ways 
either way* 


2, Providing info mat ion t fielevant infomatl-on 
should be provided to the children about the 
resulta of deteminlng ahd transfomlng of the 
experimental materials* Peed-back may be given 
in the fom of right or wrong after children have 
given their Judgements* 


3* Verbal rules i They can be pnrridedf^with rules 

s&ri^ dA PcoU<!Uv\S - The, (^rnqu/^- of. 

for solving a givenAllquld In both oases remalna 
the same because nothing has been added and subtracted 
in the experiment* 




4. 


Cognitive operations i There can he direct 
training on several oognitive operations, for 
example, reverslhiilty, oompenaation, oomhinationaX 
giD aping and eo on* 

Oognitive conflict t Cognitive oonflicts are 
induced in the experim^tal situations* Children 
are allowed to predict and, later on, test their 
[Judgement oonoretely before their very eyes* 

Valdya ( 1979) set up several problematic situations 
where he intentionally invited subjects to given 
wrong answers* Under controlled conditions, he 
predicted the ezistenoe of "hump effect"* According 
to him, their tJTrors must suffer humps before 
concepts get firmly established in their heads. 

It is not easy to pinpoint genuine stiuotural 
ohangea* Brainerd and Allen carried out a training density 
expezlttent involving density, solid volume and li(iaid 
volume* Ten to ^sven year children were exposed to the 
density conservation traits* The experimental group 
reoeived feedbaok* The control group, however, answered 
the same experimental materlale* The results of this 
study Indloated that feedbaok was an effective technique 
for density conservation* The generalised transfer was 
an effective technique for density oonservatlon, The 
generalised transfer was limited to solid volume rather 
than the liquid volume oonservatlon* In sum, we can say 
that training is hd.pful in inducing dsvelopment* But are 




the paths to dsrelopiDent In both the cases. IChe same 
l 0 not knotrt) 7 So* Is the case with the lasting Value 
oi the Indaced development* Qr» should we repeat the 
espeidment by changing the setting of the experiment. 

(g) In an Interesting studyi Updesh Sevll (1982) 
Investigated the concept of speed as veil as Influence 
of training on the dsvelopSient of this concept among 
certain groups of ohildren (both boys ft girls) studying 
in different types of sohools. iihe result of this study 
indloated that even by the age of 12 plus* 23 per cent 
of urban advantaged gxoup and 79 per cent of the rural 
diB**advantaged group are not in a position to develc^ the 
conoept of speed. Secondly^ the oontept of speed hardly 
t^ppears below the age of six years, thirdlyi within the 
Plagetlan context# the influence of training has 7 ^it 
proved in the upgradatlon of responses* fourthly# the 
type of school# aoclO’^eocnomio status and training in 
the concept of tine do favour the conoept of speed* !Chen 
comes her tolling oomment when she says - 

An ordinary eobool is not sufficient to 
ensure a nomal development of operational 
struotures* It seems to be the result of the 
son total of the environment oonslstlng of the 
sohool# the home and the levd of the teohnloeOL 
development of society Itself* 


18? 




(h) Bailed upon her Dooisoi-al work* Padmini T, ( 1983) 
hae something suhatantlal to on fostering cognitive 
development at pidmary school slth entrants ranging in 
the age group of five to seven years. Using the Soloman 
group design t3chnlq.ue# she tried her experimentally 
designed programme comprising concepts and operations 
\dthin the Plagetlan frameifork on 120 pupils spread over 
five different schools In equal numbers. iDvo experimental 
and two controlled groups were set up for detemlning the 
efficiency of the programme over a period of 40 sessions; 
and each session lasted about 30 to 40 minutes. Boys 
and girls vers also taken in equal number. Concepts to 1 
be developed related to length* area* weight quantity* 
spatial relations* tetnporal relations and feelings of I 
belongingness, operations* on the other hand* oomprisei 
identification* generalisation* comparison* Identification* 
generallBatton, comparison, discrimination, seriatlon, 
classification* reversal* compensation and cause and effect 
reasoning* dognltlvi development was measured by the Mysore 
cognitive capabilities teste. Other outside variables 
Included in her study were age, 0 oolo-*eoonoiilo status* type 
of school* acadenlo achievement and the incidence of pre* 
school education activity* Whereas her experimental 
programme favoured the experimental group more than the 
oontrolled group, it turned out to be a sort of culture 
fair rather than culture free programme^ ^rom whidi 
children of all sorts could draw equal benefit from well- 
designed cognitive activities. Other findings were 




plaUBll3le* She then had the following telling comment 
to make i 


But aooompliehment of the 20-24 
hours in 40 sessions special actirity programme 
spread over six months and foxming a thin 
column of enrichment resulted in more than 
doubling this improvement as seen in the gains 
of experimental group which would shatter that 
satisfying picture and highlight the distortions 
in purpose* displaoement of focus* shallowness 
of efforts and resultant failures and wastage 
rather than achievements and successesf ^ere 
is no gain saying the fact that the ordinary school 
ourrioulum as Implemented in the best of our 
school does not facilitate maximum cognitive growth**. 


(1) Anu Poonia (1988)* after reviewing the literature 
on training studiesi attempted to determine the influence 
of training on adolescents under controlled experimentation 
with the help of a speoially designed test^ She classified 
pupils at 3 levels of intellectual development^ namely* 
oonorete* transltoiy and formal. The study sample oomprlsed 
320 pupils* both. bo|ce and girls studying In grades 7 to 10. 
These study sub samples were further matched on intelllgencet 
grade and 800 io-*eoonomio status. They were met in three 
training sessions* There was (laite a bit of variety In the 
training materials • The m^in results of her study were i 

a) Pupils at all grades do not draw eq.uel benefit from 
training. In otjjrer words, training is helpful under 
certain conditions only. 




1)) draining ia helpfal to those who are at the 

traneitory stage of mental development* that Is* 
between the concrete stage and the foimal stage* 

o) Significant differences were not noticed* as 
Judged by the means test* between the control 
group and erperlmei tal group at three different 
levels of Intalleotual devdopment* sex-*wlse as 
well as grade-wise* In other words* the Plagetian 
scheme of though Is not easily Influenced by 
training instantly under experimental modes of 
presentation rather than oral* plotorial and 
demonstration modes of presentation* each tehen 
. Individually. 

(j) Philip Adnsy and Hiohasl Shayor (1990) * both experts 
of long standing in fiagstlan Psyohology* have Investigated 
the aocelei'atlon of the development of formal thinking In 
middle and high scholl students In a country wide project 
called Oognltlve Acceleration through Soimoe Education 
(CASE)* In a way* there is nothing new about such studies* 
Eor example* SHefilar* Xlbert and Xiebaert (1973) found that 
even 10 year old pupils could be trained to solve the well 
known simple pendulum problem* They could thus form and 
test hypothesis* It was a case of direct training on the 
psobiem with no attmipt to test for generalisation to other 
contents and aohsmee of thou^t* Let it be understood 
that such givens are superficial* Even a young child 




oouXd be trained to ewltch on or off the television 
set idth the help of reaote oontrol devieie* The real 
problem for him only arises when either the main swltoh 
of the house is off or there is no current supply 
available at that moment. In other words* It means 
that what is important is the play of variables either 
singly or otherwise underlying a given situation* duoh 
a line of attack has been adapted in their etndies where 
pupils are introduced to the motive of measuroment as 
wd.1 as dimensions. Attaining the specific solution of 
the problem is of secondary importanoe. let us mow return 
to the CASS project. 

The project was carried out In day to day settings 
of the school itself. (Jontrol groups were also set up to 
measure godn? in interventions made which were as many 
as 30 in number. The project staff and teachers produced 
Intervention lessons in physios, chemistry and biology 
which were based upon foimal operational thought. It was 
kept in mind that not more than 25 per oent of the usual 
time meant for Science teaching will be ^ven to the 
experimental olaeaes. This in a way kept in fast the sofaooX 
routine* There was however another spin off advantage of 
this project. Tlie project teachers could become more 
sensitive to 1he sources of pupil difficulties In varied 
learnings and* thereby, develop certain stratagiee for 
the benefit of liielr pupils. The schools for this study 
were drawn from seven different areas in BngLand. Ibr 




exampl^r inner olty, urban and rural schools* All the 
schools were co-educatlonal. Age range covered was from 
9 years to 16 years* 

Let us now refer to the Interventions* tChe 
Intervention lessonsr each of 60 minutes to 80 minutes 
duiatlon Incorporated formal operational schemes of 
thought such as exclusion of VariahLes^ratio and pioportioni 
eqaillhrittm« oompensationi combinatorial thinking (grouping) p 
corr^atlons, probability and conserRatlon Involving 
formal moddlling* Initially each intervention lesson 
fooussed on one scheme of thought* As the project 
progressedp the pupils were familiarized or led to see 
for themselves the meaning of -tiie variables* 7alue of 
Variables and the relation among them* It should not be 
lost sight of that pupils were given suoh problems idiioh 
require the use of Ibmel reasoning* In these sltuationst 
tihere were no attempt to teach the rules of the gome* 

Instead the p^pil is expected to oonstruot and use his 
own sohsme of thou^t for solving the praotloal problem. 

Ihlsp in a way» is the beauty of the project. However» the 
findings of this project are not olea]>cut. The experimental 
group gained more In levels of cognitive development* 

Statist!oally speai^ng^ than the control group. More 
specifloallyt it amounted to ^3 months differettlal in 
development nor a period of 2 years. It means in other 
mrds that this much extra-effort is not worth it. The 
same is the oaae with enhanced achievement in Scienoef 
a case of more or less dismal failure* The age/gmider 




interaction as seen from the data le also found to he 
pushing. At the same time evldenoe suggeste that the Inter¬ 
vention for the development of accelerated thinking favours 
hoya in the age group of 11 to 13 years and glrle of the 
age grinp 12 years to 14 years. 

Laetly* the Piagetian achanee of thought are not 
ea^ly anenable to Influence "Hature first oreatea the 
material before it givea it a fozn''» Sohaed J.J. Bouaaaau ::i 
in the 17th century i It ie true that the ourrent teaching 
rotttinee do not alter the rate of Intelleotual deveK^ment. 
But a gain of 23 percentile pointe obtained in 20 months 
I in the oaae of experimental olaeses euggeste that the number 
! of pupils shoving in traditional school sciences and 
' mathenati cs. fo put in other vords it ought to be the 
main objective of school to "alter cognitive development 
rather than to adapt instruotion to existing nozms**. However 
for achieving substantial gains in eogiitive gxovth. A 
long tern projeot as part of ineervioe education is urgently 
required. 

Some studiee related to the aooelerated learning are 
as follows I 

A survey of researoh 
on 

training of studies 


Let tts now refer to some research 
studies on training. Ho clear out finding is possihle 



loeoattee the varloua finding e of eueh atadlea ai*e either 
positive! negative, neutral or doubtftfl. Influenoes* 

These studies are now presented in the tabular foznt belowi- 

Tralning gtadlee 
Shoving Positive 
InfLuenee 


SL.ITot Rome of Author 

Tear 

Title 0 f the Studies 

1. 

\y 

S»G, Humford ' 

Vi'-A 

»937 

Paotors Involved In problem 
solving with special 
references to the problem 
of Insight. 

2. 

M 

S.H. Bank 

1956 

How pupil in a secondary 
modem schools Induce 
scientific principles from 
science experiment. 

3. 

J*R. Devane & r,, ' 

1961 

Training In problem 


filinoldl 

■ 

eclvlng. 

4. 

Donald, 

and 

tf.ShiOokley 

1964 

Teaching scientific 
thinking at High school 

level. 

5, 

B«A«Dunzer and 
Coombee 

1969 

Teaching for foxmal 
reasoning. 




SI, No. Author 


Tear Title of the Study 


6, II.M. Simoex ' 1970 

7, O.J. Baralnerd 1971 

and , 

T.V. Allen 

a. B.J. Shav^son 1971 


9. 

P.C. Vason < 

1971 


ft D.ghaprlo 


10. 

J.Bass and 

1973 


E. Montague 


11. 

H.E. Quinn 

1972 

12. 

E.O. Tomllhson 

1972 


13. V.K. Wlegand 1972 


Improvemsnt in the logic 
of 3 year old children. 

Training and generalization 
of density oonsenratlon 
etc* 

Some aspects of the 
relationship between 
content structure and 
cognitive struoture in 
physics Inatruotion. 

NaturaSi and contrived 
experience in a reasoning 
problem. 

flaget Based seiiuenoe of 
inatruotion In solence* 

Hypothesis fometlon of 
Instruction in solenoo. 

TbznsX operations in 
females from eleven to 
fifty four years of age. 

A study of subordinate 
skills in solence probl em 
solving. 



S 1 iN 04 Author 


Year ITltle of the Study 


14. fit Case and C« 1973 

Fry 


15. R.I.. Kimball 1973 

16 * J.Vi Renner ft 1973 

A.R. Itaveon 

17* R 4 S. Slegler 1973 

B 4 S, Itleibart 
ft R.H.Llebar« 

18* V.M* lallflayaa 1973 

19. V.B* Qoeelln 1974 


Kraluatlon of an attempt 
to teaoh eolentlflo 
Inqulxy and oritloiam 
In a vQ Iking olase High 
sobooli 

The teaoblng and 
underatendlng of fbrmal 
operatlona. 

Promoting IntelleotuaL 
development through 
science teaching. 

Inhelder and Piaget's 
Pendulum to Act as 
Scientist* 

Some cognitive variables 
in meenlngful learning of 
the physios* concepts of 
mrk and enej^* 

An analysis of content 
struoture and oognltlve. 
structure in Ibe control 
of a probabllllgr unl$. 



, Author Year 


B. Inhelder 1974 

H* Sinclair & ■ 

M* Bovet 

A»B* Bawacnt 1974 

Norland ft 
A* Bdvlto 

M.D. Berzonaky 1975 


X«P* Lambardo ft 
H.A. Ordranko 

A«Bt lavaoEit 1975 

A>J*B* Blake ft 
?<H« Norland 


M»C, linn ft 1975 

H,D, Ihler ‘ 


H.a. Seller ft 1975 

R*M, Llbort ^ 


Title of the Study 

Verbal Training Procedure 
of conservation of 
oontinuouB quantities 

Piagetlan fomal 
operational tasks* A 
cross over study of 
learning effect and 
reliability* 

Obanges in logloal thinking 
as a function of induced 
dlsaquillbrlun 

I 

I 

Training affects and | 

generalisation of the ' 

ability to control 
variables in Hlgdi school 
Biology students* 

The effect of escperimental 
Boienoe on the development 
Of logical thinking in 
children* 

Acquisition of fomal 
scientific reasoning 
by ten and thirteen year 
olds* Redesigning and 
factorial expexlmefnt * 



S.Mo. Author 


Tear Title of the Study 


2 $, P« Kuhn and 1976 

Angelev 

27, J.W. Renner 1976 


28, A.B. Howe4 1977 

J. Mlerzwa 

29 , M,u. Linn 1977 

B, Ohen & 

H.D, Thier 

30 , K,D, Pl*er 0 on 1977 


31, J,J, Rastoine 1977 


An experimental study 
of the formal operational 
thought, 

Scientific physios content 
and intelleotuel defyd.opiaeat> 
cognitive development as a 
result of Interacting with 
physios content. 

Promoting the denrelopm ent 
of logLosl thinking In the 
Qlaseroom, 

Teaching children to 
oontrol variahles. 

An experimental evaluation 
of Solenoe lnq.ulry Training 
Irogrspme for High School 
students* 

The effect of Instructional 
mode on eohool aohleyement 
of oonorete and formal 
operational students, 



3»No* Author 


Tear Title of the Study 


52 , tollman & 1977 

Ai E« Lawson' 

33 , M.C.Llnn* 1978 

D.I* Levine 


34i T. Warrant, 1978 

W. Vollmanft 
AiS* Lawson 

35. B.L. Wright 1978 


36, D,L, SohalX^rt 1979 

ft Q.M. Eleiman 

37 , Btfiosenthal 1979 

38, Edwards, H. 1980 

Caiffordft 

H, Suma 


Teaching the procedure 
of controlled experimentation 
• a Plagetian approach, 

I 

Adolescent Reasoning t 
Influence of Question 
fonnal and type of varlahles 
on ability to control 
Variables. 

The Influence of instruction 
on proportional reasoning 
in seventh grades* 

The effect of film mediated 
Intensive instruction on 

( 

basio problem solving skills 
of Ninth graders. 

Teacher easier to understand 
than the tertbook. 

Tygnation effects t Ssdstenoe, 
nagni tufts and so dal 
importance. 

The relationship between 
type of teacher reinforcement 
and student inquiry 
behaviour in science. 



Author 


Year 


!Pltle of the Stufly 


G.a. Bawa 


A* El lawBon ft 
B. A Snitgen 


BiB. Biasa 


) 

ViE. BevXl 


C.Xi Snelder 


Ii.H. CompboXl 


H^RiKahdar 

Avalll 


19 BI !Ihe effect of training 

and InteHigenee on fozmal 
operational thought 
( stating and testing 
hypotheses)» 

1962 teaching fomal reaaonlng 
in a oollftge biology ooir se 
for pre^servioe teachers* 

1981 ®he effect of training 

on children* 8 cslasslflcation 
skill B* 

1982 Concept fomatlon in 
children in eoo<*oaltural 
context# 

1982 Can children learn How 
to oontrol Variables - a 
Heo Plagetlan training 
study in school and non- 
school setting* 

1983 fhe effect of cognitive 
strategy training on reading 
achievement plagetlan 
ocgnltlve levd among hl(^ 
risk college freebmen* 

1990 Cognitive development in 
blind ohlldren. 



ghoving Negative 



a.No* Author 

Tear 

Title of the Study 

46 . C*3. Arfln 

197# 

A comparison of the 


effectiveness of direct 
contact with children In 
the classroom versus 
Indirect contact via* 
video tape in Plagetian 
conservation tasAcs in 
preservloe teaohers* 

1976 Seaohlng children to 

control vaxiables Investi¬ 
gation of a free choloe 
environment. 


46. C.A* Stoned; 
O.M. ])ay 

1978 

lievels of Aval lability of 
a fomtl operational strategy. 

49 . H. Wyatt ^ 

1963 

Pormal operational thinking 
and the role of training. 


47. H.O. Linn, 
B« Chen & 
H.D. Ihier 





?) Training Studies 
Shoving Neutral 



S,No* Author Tear ICltle of the Study 


50 , G.P.Bradley 1972 Reinforcement and 

Reveraahlllty In Quantity 
ooneeiYatlon acquisition. 

51, H. J.A. Slmoldl 1962 Training In pm bleu 

ft et al solving. 

52, D. Naaoa 1966 Bffect of varied 

presentations of laboratory 
ereroiee within programmed 
materials on apectflo 
intellectual factors of 
science problem solving 
behaviour. 

55. O.B. Bytll 1967 An investigation Into 

the development of 
combinatorial meohanioa 
oharaetexlsties of formal 
reasoning through experi¬ 
mental pmblem situations 
with sixth grade students* 





Author 

Year 

Title of the Study 

JiK. Davis 

1967 

Concept laentlfication 
as a function of cognitive 
style proceduresa 

Et al Ennis 

1969 

Conditional logic and 
children 

Ha Ra f & 

C.B. Brainerd 

1972 

flagetian studies in 
science chemical 
equUlibrlum under standing 
from study of solubility* 

T.Aa Bredderman 

1973 

The effect of training 
on the development of the 
ability to control 

Variables# 

OaJa Brainerd 

1974 

Training and transfer of 
transllvlty conservation 
and class Inclusion length. 

B« Cass .. 

1974 

Struotures end strloturest 
Some functional limitations 
on the course of cognitive 
growth. 



S,IIo» Author 


Year IWtle of the Study 


60. AtEiIiaveon, 1975 

A.J.B.Blake & 

F.H. Borland 


61. M.C. Llnnds 1976 

D.l. Levine 


62. a»E. Whed.er 1977 
& H« Eaas 


Training effeota and 
generalisation of the 
ahlllty to control varlahlee 
in high school biology 
students. 

Adolescent Reasoning : 

The development of the 
ability to control 
Variables. 

Proportional Reasoning 
in Introductozy high 
school chemistry. 


4) Training Studies 
Shoving Doubtfhl 
Influence 


S.NOf Autho r _Y ear Titl e of the Study 

65« F.D* Boulanger 1978 Interaction of foxmal 

operational capability 
and Instiuetional feedback 
node*.' 



S,No, Author 


Year Title of the Study 


64 , Qunnels 1967 A study of the de^relopaeut 

In lo£;iQel judgenent in 
Science of saeoeaslhl and 
unfiuoeeesful pxobiene 
solvers in graders four 
throu gh nine, 

65, B«J« Raven 1974 Programming Haget* s 

logical operations for 
solenoe inquiry and oonoept 
attainment. 


66. 

S* Strauss & 

I.Bimall ' 

1974 

67. 

S. Silver V 

1976 


68. C.B.Daufi^ass 

1978 

Si g.B. Kahle ' ' 



Sffeot of organisational 
disequilihrioa elaboration. 

Relations among FI age ti an 
grouping structures * a 
training study. 

The effect of instructional 
sequence and cognitive 
style on the achievement 
of high school biology 
students. 



Glonolualng Statemeiit s 

tfe rospoot nature ^eoauee It hae orderly 
«aye of doing tloingg* If eomethlng goes wrong or nature 
becomes errectlo» wo are definitely in a position to 

I 

apply appropriate roaedlesi both theory based and mplrioal 
In nature* In other wordsi these appropriate remedies 
are our intervention prograjamoa which oan yield Intellectual 
gains for all sorts of pupils who are^ for example^ gifted^ 
noxmalf sub-normal and the ohildren of the poor* Q!he \ 
hasie problem to be answered la - what is the lasting 
value of all such initlol advantages ? Are these gains 
maintained in the suooedlng grades too ? In our opinion, 
these initial gains should get wiped off beyond the mid* 
oonorete stage of mental development* Hot only our answers 
bat also questions raised within the oontext of intelleotual 
growth and development are not yet very olear for cognitive 
growth may ta}ce place from outside as weIX as Indide* 

Beepite these diffioultlest it Is possible to draw some 
lessons from researoh done so far on accelerated learning 
Is concerned* These are as follows i- 

(1) Siperienco in one form or another is neoessaiy 
for intelleotual development* 

(ii) Pupils operating inteileotaally below their 

optimum level of development as well ae at the 
transitory stage of mental development within the 
major beneflolarles of the intervention programmes* 




(Ill) Xhere are wide limits within which the training 

materiole can be structured and made more relevant, 
thought-provoking and interesting. 

(iw) It is necessary to keep alive the conoept of 

centring, decentilng, reoentrlng and so on in our 
day to day teaching. It Is only in this way that 
knowledge is oontinnously constructed and reconstructed. 
It isithereforei eeeentisl to familiarize our teachers 
with the following techniques : 

a) Training in observation ani^attention 

b) Solving problems by using minimum essential 
information Including hints < 

o) Stress on oognitive operation and confliots 
and deductive teaching; and lastly 
d) Ihe use of chain inquiries in making the 
teaching-leaning process more interesting, 
more effective and more productive than is the 
ease today. 

(v) AccdLerated Learning is not a case of single 

shot at all. Pupils need to be introduced to suoh 
strategies over a longer period of time* IDieir 
mental tools need to be developed gradually so that 
they can sense the basic essentials underlying 
the problem and do aemething about it* Philip A*dey 
and Hlohal Shyre have aptly remarked : 


IZ.'? 




We hypotheelee that it is the prooeae 
of oonetruotlng their own meanlnga which 
leads otudents to the cognitive restructuring 
responslhle for increased scores of experiisental 
groups* 

Wayf one has to go farther. Teacher* a need to 
be trained to have a looh at what they teach from the 
Plagetlan point of view. They will then have vague 
idea of structure in their teaching learning process. 
Once donei the transition to the aone of prozimal 
devd-opment (L. 3* Vygotsicy) * I*earning by discovery 
(J.S. Bruner) and advance organisers (David Ausubel) Is 
not far a way* 





I 



- a - 

The Stu^Sy 


troduction 

The Piag^tianjthlld is toy nature. Thinking 

eg as naturally to him as w^llc±og. He has explained 
e view about the growth of: tK± inking right from early 
,lldhood to late adolescence within the context of 
,„gtic epistemology- Thus, it is inherent in the 

iture of this model that it carxnot be falsified. He 

,3 gets himself apart from KarX Poffer who advocates 
ie falsification rather than affirmation of a 

,pothesis in testing the truth of an idea. In the 

resent study, the main objective is a^^celerate 

upll's thinking process in two ways s 

1) By exposing them to a set of experiences called 

the equalizing experienc:<es - Here, the problems 

posed must be answeredl loy the group of pupils 

in a reasonably satisfactory manner. Assistance 

is provided on each prololem until it is ful y 

it ensures the 

solved. In other worcas 0 
understanding of the £> 2 roblein which 

scored. 

(il) In the second part of the studyr ^ ^ ^ 

, . ^ , -r^^^^aented individually 

and Piaget type task,s ar® pres 

a view to check 

to 33 pupils individualXy with 

=,i- least, induced 

whether these pupils sh-OW, 
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form of formal reasoning. There were no time 
limits for either part of the study. 


Being an exploratary study which was just to 
understand this complex phenomenon/ it was decided to 
examine the responses/ using the Guttman scale for 

judging the unidimensionality of the thoughb process. 
Here the coefficient of fluctuation was calculated by 
using the following formulae: 

Percentage of coefficient of fluctuation = 

Number of errors 

-— X 100 = i 

Total responses 

Which enables us to determine the coefficient of 
reproducibility = 100 -■ (i) 

The coefficient of fluctuation in percentage should not 
be more than 20. Ideally/ it should be less than 10 per 

It also became possible to report additional data 
fom other major studies by: 


(1) Vaidya : h study of problem solving behaviour. 


(ii) Vaidya and Padmini: The exclusion of variables 
during adolescence. 


(iii) 


Vaidya and 
combinatoria 


Satya 

l^rouping 


Mehndiratta: 


A study of 


'3f 
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oiha pffect of training 
,1,1 Vaidya and ^nnu Poonia = The a«e=t 

on controllea experimentation. 

These studies provide a broad base for developing 
„.aau eouraea =n acce.eaaaed t.inUn, aad pro.Xa. 
.olvlag in tha near future. 

The Saheme , n^ uallslnq erperlenc e 

. ' t-vitt i*aalcs on which 

The equalialng erperlencea are 

.h of the etudenta to perform well. Some 
ve expect moat of the 

the equalialng experlencea are given below: 

^ Matchsti c^^ problem 

Here are a few match sticks. 


< V nn anv two matchsticks which you feel 
Out of these pick up any two 

are of equal length. 

• V „rJthe two sticks. NOW the 
(The student picks uEjthe 

following questions are put to him) 

wow Which Of the two matchaticha ia longer^ 


.8 


'3L 




8 


«Klch of the t»o Betchetlchs is longer no« T 


It a child le uneble to underetend the problem car. 
I. taxen that he can underetand that the two aticKe are 
tne eaee length b. telling hi. the length of both the 

stlclcs. 




1C.IV1 






(ii) Puht-inc| of fltick problem 

We have here a stick of 10 ems 
to cut this stick by 1 cm per dayi 
to cut the whole stick ? 


length. I£ 

will 

how many days^it take 


10 cw 



. \OC^ 
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This problem can also be explained in a different manner. 
10 raatchsticks are placed together in a line to form one 
fltick as shown below: 


r -•-•-»-*-»-*-^ 


These sticks can also be presented to the child in the 
following manner: 



(ili) Conservation of volume 

I have with me here two identical glass jars 



In one jar I put some sand and in the second jar I have 
put some metal balls. 



I34 
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How if I these glass jars one at a time in a tumbler 

full of water, which of the two glass jars is likely to 
f* displace a greater amount of water. 


(iv) Rolling the ball; 

I have a ball with me. 1 will now roll it on the 

floor: 



You can see that the ball stops after some time. 
Why does the ball stop ? 

If I want that the ball should move a greater distance 
what should I do ? 


Handkerchief problem; 

(1) Length of handkerchief. 

(ii) Thickness of handkerchief. 

(iii) Nature of material. 

Xour task is to suggest experiments which will 
iaol|ate these factors: 

I 

f' 
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( 1 ) 


length of handherohiet. 


(ii) 


Ihiohness o£ handhntchiat. 


(ili) Nature of material. 


Piaget and Piaget type ptoblema 
judging the a==eler‘ation of thought 

.Ne following prchlema were used in the aecond part 

of the study. 

(a) Combinatorial grouping 

(i) Dance problem 

(ii) Digit problem 

(iii) Beaker problem 


(b) 


The Exclusion of variables. 


U) The almple pendulum problem. 

The firat problem relatee to the opera ion 
aohemata and the eeoond problem to the propoe t on. 

• 4 1 A 
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logic. Botl’ underlying schemes are, of course, 

related to each other but appear at different ages. 

The effort of our experiment is now described in 
the next chapter, under the heading: 

(i) Teaching for combinatorial grouping. 

(ii) Teaching for exclusion of variables. 


13? 




' Vhe- eYpariinental atudy 


Sow to teach for combinatorial 
groupings ? 

How to teach for exclusion of 'variables ? 
(Controlled experimentation) 




1 . 


How to teach for combinatorial groupings ? 


introduction 

The studies on thinking of adolescent pupils were 
conspicuous by their absence as late as 1958. Piaget 
and Inhelder commented on the scarcity of such studies 
as follows: 


It is surprising that inspite of the 
large number juf excellent works which 
have been published on the affective and 
jsocial life of the adolescent - we hardly 
need remind the reader of the studies of 
Stanley# Hall# Compayre# Mendousae# 
Spranger# Charlotte Buhler# Landis# Wayne# 
Dennis# Brokks# Fleming# or Debesse# or 
those by psycho-analysts such as Anna 
Freud and Helene Deutsche# and by 
sociologists and anthropologists such as 
Malinowski and Margaret Mead# not to 
mention others - so little work has 
appeared on the adolescent's thinking, 
(page 334). 


So there is no coherent outline available. At 
best# the conventional tests of intelligence inform us 
about the hypothetico-deductive nature of formal 


thought. 

It la 

then 

the Genevans who set 

the 

ball 

rolling. 

Since 

then 

there 

have been spate 

of 

such 

studies in 

the entire 

English 

speaking world. 

In 

"The 


Growth of Logical Thinking"# Piaget and Inhelder listed 
fifteen problems which relate to developmental aspect 
cf propositional logic and operational schemata of 
formal logic. The two problems selected for 

investigation in this study for developing acceleration 
of thought are: 
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Combinatorial grouping i.e. combinations of 
coloured and colourless chemical bodies or the 
beaker problem (Operational schemata of formal 
logic) 

(2) The oscillation of a pendulum and the operations 
of exclusion (The simple pendulum problem based 
upon formal logic) 

Ihe Piagetlan problem 

The combinatorial grouping refers to a scheme 
of thought (operational scheme) which appears on the 
onset of formal reasoning. It equally applies to the 
formation of propositional logic which;in turn; Implies 
the existence (establishment) of a combinational system. 
In other words; identifying and controlling experimental 
variables are underlying the combinational system. 
Before the emergence of formal reasoning , these 
combinations are haphazard or more or less random. 
Later on; the attack on the problem is systematic 
implying thereby that the adolescent pupil adopts a step 
by step combination made with generalization. In 
summary, the "structured whole" as visualized by Piaget 
depends on this "combinatorial system which is 
manifested in the subjects' potential ability to link 
s set of base associations or correspondences with each 
other in all possible ways so as to draw from them the 
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.eUtionshlp of Implications, diejunotion, 

etc. The problem as presented by Piaget is 
e,elusion etc. 

now reproduced below: 


s 



I 


U 0 


1+3 


1 + 3+3 


Fig. 1 

illustrates the prob.lem o£ coloured and colourless 
,esioals. Four similar flashs contain colourless, 
iotless liquids: (1) dilute sulphuric acid (2) water 
3) osygenated water (4) Thiosulphate. The smaller 

last labelled 'g' contains pottasium iodide, 
lasses are presented to the subject: one contains U3, 

u . . ■ 9 While the subject watches, the 

he other cotains 2. While 

irpetimenter adds saw&l drops o£ 'g' to each 

Hasses. The liquid in the glass containing 1+3 trjrns 

msar, aflked to reproduce the 

yellow. The sub 3 ect is then s 

f flasks as he wishes, 

colour, using all or any of the 5 t 


5 
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The gtovth oJ Bolutlon 

let U8 see the growth of the solution over e wide 
.je-range ertendlng from 6 years 6 months to 14 years. 

-^•he‘\hsVe ‘nsVi.it ?nVhrg"lVs^Una 

Hay be there the piece melted. Hay be 

r * j ^f.atttened out completely in 
the paint °"se. May be its 

the glass. Una a . be it 

because the water g water. 


because the 

changes at tn ^ 


(Acxina XE) „hile 

the lule,^ is a bar. that 
Ttcps it and* its the plnh water that runs 

out. " 

Q - /T.i) tries 4 X Gf then 2 x G/ 

"1 think I did everything .....--I 
1 xGj I thinK could you have 

doif 7 "1 ann't ino"-"- gave him 

?he glasea again! he repeats Irg. et . 

‘J* yli took each nettle seperat_ely.^^^ What 

else “ (Be tries lx4xg 

bottles at the ea»e time U 

rweeS'‘\*S; t^^ -“r ‘id"'’rxir’- ‘wSen 

:ni|gesi’‘'ihai*"he ^dd nbhers, he puts 
Uo in Ve glass already containing 2»3 

iSch results in the npPV“"”bb ^ 9 =^" 

colour. "Try to make the “lour ag^^^ 

", DO I put in 2 or three 

with 2x4xg th®n adds thr » ^g^ember 

it jwith Ix4x2xg). No, I aon 

any more etcs 

CUR (8,11) also ®”® n^t °do 

with g: Nothing happens .xou 

it unless you put without 

alass." He mixes the tour 

success, then hypothesizes 

ha. put in too uch but that he should^h^^_ 

chosen another . . i-hat one. he 

1 Should have ntarted with that ^rbl 

does this but since he does 
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the permutation operations any better than 
the combination operations he follows the 
sequence 2/ 3/ 4/ 1/ g, then he 

adopts any sequence whatsoever: '• The 

colour does' nt come because I did 

it in several." Finally (always with the 
intention of blending the four ) he 

follows the seq<r<-uj3nce Ix2x3xg: "It*s 

becoming yellow" But immediately he adds 
four and has to begin all over again. “Put 
in as few as possible - The fewest 
possible# that’* "two. 

KIS (9;6) begins with (3xg) + (Ixg) 

+ ( 2xg) + (4xg)# after which he soontaneously 
mixes the contents of the four glasses 
in antoher glass; butthere are no further 
results. "O.K., we start over again." 

This time he mixes 4xg first# then Ixg; 

"No result." Then he adds 2 x g# looks 
and finally puts in 3xg, "Another try 
(Ixg# then 2xg # then 3xg). Ah 1 (yellow 
appeared# but he adds 4 x g). Oh I so 

that 1 (4) what takes away the colour. 3 

gives the best color." —— "Can you make 

the color with fewer bottles 7" - "No". 

"Try" (he undertakes several 2 by 2 

)combinations# but at random. 

ALB (10;4) begins with 1 x 2 x 3 x 4 
X g# then changes the order 3x2x4 
X 2 X g. " It's different# because the 
first time I went in order and this time 
I didn't. (he puts 2x4xlx3xg.) 

Gives nothing" (he tries several more 

permutations at random# then abandons the 
effort). — "dOj you have to take all of 
them 7" — s"NOf you can take 2 or 3 if 

you want (he tries unsystematically and 
succeeds bychange). It changes 1" 

TUR(11;6) begins with Ixg# etc. "That 
does'nt work. You have to mix all four 

(he does this). That doesn't work either 
(he changes the order several times 

without success# then tries two—by—two 
combinations 3 lx4xg# 2x3xg# 3x 
4 X g). I wonder if there isn't water 
in all of them 1" Then he spontaneously 

moves on to three—by—three combinations 
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(x g)# but without order; 3 x 4 x 1 x g, 
then 2 X 3 X 4 X g, then 1 x 4 x 2 x g, 
then 3xlx2xg. "That's it." — "What 
do you have to do for the colour 7" — 

"Put in 2. ** — "all three are necessary 

— One at a time (always with g ) It 
doesn't work- It seems to me that with 
two it doesn't work; a liquid is missing." 
— "Are you sure that you have tried 
everything with two 7" — "Not sure (he 

tries in addition 2 x 1 x g/ already 
attempted r then 3 x 1 x g>. It works 1 
It's 1 and 3 I" — "Tell me what effect 
the bottles have-" — " 1 is a colorant r 

2 prevents the color: no it doesn't 

prevent it because lit worked f 3 takes 
away the effect :of 2# and 4 doesn't do 
anything? - s 

ENG (14;6) begins with 2 x g; 1 x g; 

3 X g; and 4 x g : "No, it doesn't turn 

yellow- So you have to mix them-" He 
goes on to the six two—by—two combinations 
and at last hits 1 x 3 x g; "This time 

I thik it works-" — "Why?" — "It's 1 
and 3 and some water." "Xou think it's 

water 7" —- "Yes^ no difference in odor. 

I think that it's water." — "Can you show 
me 7" — He replaces g with some water: 

1 X 3 X water. "No# it's not water. It's 
a chemical product: it combines jwith 1 
and 3 and then It turns into a yellow 

liquid (he goes on to three-by—three 
combinations beginning with the 

replacement of g by 2 and by 4 —— 1-e-# 

1x3x2 and 1 x 3 x 4). No# these two 
products aren't the same as the drops: 
they can' t produce colour with 1 and 3 
(then he tries Ix3xgx2)- It stays 
the same with 2- I can try right away 
with 4(lx3xgx4). It turns while 
again: 4 is the opposite of g because 4 

makes the color go away while g makes it 
appear." —- "Do you think that there jis 
water in (any of the) bottles 7" — "I'll 

bry (he systematicallyreplacea 1 and 3 
by water# trying 1 x g x water and 3 x 
g X water# having already tried 1 x 3 x 

g No# that means 3 isn't water and 1 

isn't water." He notices that the glass 

1 X 3 X 9 X 2 has stayed clear^er than 


mil 


a 





1 X 3 X g. "I think 2 must be water, 
perhaps 4 also ? (He tries 1 x 3 x g x 
4 again) so it's not water: I had 

forgotten that it turned white: 4 is a 
product that makes the white return." 

It la not difficult to discern a distinct pattern of 
responses among the above mentioned responses of Swiss 
children who/ it is believed/ are above average in 
intelligence. (See the teaching plan at the end of this 
chapter). We now present some similar studies conducted 
in our part of the world. 

Past work. 

Vaidya (1964) investigated combinatorial 

reasoning among British adolescent pupil N°60/30 (case 
study approach) studying in a secondary modern as well 
aa comprehensive school in Central London- He found 
that combinatorial ability is highly correlated with 
intelligence than with chronological age. They also 
committed arbitrary errors when they failed to grasp 
the basic essentials of the problem. 

Vljayaluxmi and N, Vaidya (1966) found that 
backward pupils spent more time on the beaker problem. 
They were more nervous and needed more assistance When 
assisted no significant difference Was found between 
normal and backward children on the combinatorial 
grouping scheme of thought. 
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M. Jain (1984) found that performance on 
combinatorial reasoning improved with age. Performance 

of girls was found to be better as compared to that of 
boys- Private school students were found to be better 
as compared to that of government school students. 
Other major results were that combinatorial reasoning 
correlated with linguistic ability and 
intelligence. They also reported that personality 
traits led to the development of combinatorial 
reasoning in adolescents. 

Bhati (1985)# R.G. Sahu (1985) and Jal Singh 
(1986) used the paper pencil form of the combinatorial 
group of thought. They found that mean performance 

improved with grade# age (mental rather than 
chronological)# sex differences favouring boys or girls 
exist in problem solving. The reason for this that 
samples for the above mentioned studies were drawn from 
rural areas as well as under-priv’-leged homes. The 
pattern of the study followed that of Vaidya which is 
now discussed below: 

BEAKER3 PROBLEM 

The Problem 

There are four beakers on the table. They are 
labelled A# B# C# and D as shown in the diagram given 


mr 
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below. A small distance away/ there is another beaker 
2 , One day/ Ram did an experiment. Ram took parts of 
the contents from beakers A/ B/ C/ D and put them in 
another empty beaker K, After this# he took some liquid 
from beaker Z and put it in the beaker K. An 
interesting thing happened. The entire liquid in K 
turned yellow. After sometime/ his friend Mohan came 
and enquired of his friend about the formation jof the 
yellow colour in the beaker R« While answering this 
question/ Ram forgot how he had done it. Wow Ram 
carried out several experiments to obtain yellow colour 
in the beaker Z but failed. Your problem is to write 
down all the possible methods by which yellow colour 
could be obtained in the beaker Z. Please remember that 
you are to write down all the poasibls methods. Before 
you begin solving this question/ please answer the 
following questions: 


Fig, 2 : It shows the experimental set up of the 
paper pencil form test. 
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(a) 

Have you done a problem of this type 

before ? 



Yes/No 

(b) 

Do you understand this problem ? 

Yes/A bit/No 

(c) 

Do you find this problem difficult? 

Yes/A bit/No 

(d) 

Can you solve this problem 7 

Yes/A bit/No 

(e) 

Do you find any difficult word in 
this problem 

Yes/No 

If yes# 

write only those words below: 



No>J 3 oive the above mentioned problem. 

Method No. 1 Flr±»t oi all/ Kam took out/some 
Diateclal from beaker h and put it in beaker K. After 
thiSf he took aome material from beaker Z and put it 
in beaker K. bellow colour did not appear. He did 
another experimont. 

Method No.2 

Method No. 3 and so on. 

Manner of Presentation 

The problem was presented as mentioned below. 
The arrangement of beakers: A/ B* Cf Dj K| and Z was 
shown by placing six beakers on the table. The dropper 
was also shown for lifting the material from beakers. 
Method No. 1 was fully explained as one of the 
possible solutions to the problem. If the pupil did 
not understand iti he was allowed to read it again. 
Again the step was explainedc It was ensured fully 

that everyone understood method number 1. 
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scoring 

Thee® four 

„,ich are relevant 


processes involved in this problem 
to the solution of the problem. 


Thee® are* 


(i) using one beaker at 
a time 

Using two beakers at 
a time 

(iil) Using these beakers 
at a time 

(iv) Using four beakers at 
a time 

Maximum score 


Process No. 74 with three 

sub-processes. 

Process No. 75 with sixa 
sub-processes. 

Process No. 76 with four 

sub-processes. 

Process No. 77 with one 
process• 

14 marks, each sub-process 
caMftng a mark each. 


valdya utilized the beeker problem to Jind out 
the kind o£ grouplnge edoleacent pupile m.be. The paper 
pencil test did not prove uaeiul tor pupils o£ grades 
,I to Vin. The main aims tor investigvstion verei 


(1) Upto what extent can adolescent pupils 

etruoture essential requirement of the problem 

and attack to profitably ? 

(ii) Upto what extent can they exhaust 

possibilities While tackling a problem ot this 


nature ? 
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(lli) What arbitrary errors do they make while tackling 
a problem ? 

Maximum possible score is 14 
Presentation of data: 

The data obtained from the study is being presented 
below: 


Table: 1 Showing means and standard deviations gradewise 
as well t\a sexwiae for various sub-samples. 


S,No. 

Grade 

Sex 

Mean 

Standard 

Deviation 


VI 

Boys 

1.30 

1.23 

1 

VI 

Girls 

1.55 

1.36 



Bpys & 
^irls 

1.431 

2.60 



Boys 

1.45 

1.16 

2 

VII 

Girls 

1,20 

.75 



Boys & 
girls 

1.33 

1.97 



Boys 

3.2 

14.70 

3 

VIII 

Girls 

.95 

.87 



Boys & 
girls 

1.58 

3.40 



Boys 

2.9 

2.39 

4 

IX 

Girls 

2.8 

1.70 



Boys & 
girls 

2.85 

4,36 



Boys 

4.8 

3.23 

5 

X 

Gikba 

6,35 

3.71 



Boys & 
girls 

5.58 

7.13 


















1 


14 


Table: 2. Acquisition of range of combinations gradewise 
as well as sexwise in terms of number p£ pupil 
on exhausting the various possibllites relatigg 
to the beaker problem 


Grade 

Sex 

1 

D 

4-6 

B 

10-12 

' 

13+ 


Boys 

m 

13 




* 

VI 









Girls 

Hj 

12 

2 





Boys 

1 

17 

2 

. 

. 


VII 









Girrls 

2 

18 






Boys 


12 

8 




VIII 









Girls 

5 

14 




“ -. 


Boys 

■ 

121 


2 



IX 









Girls 

2 

8 

B 



«i» 


Boys 


2 

16 


1 

1 

X 









Girls 


2 

11 


1 

3 


Total 

23 

110 

56 

5 

2 

4 


T 


l*il 

































15 


Table: 3: No. of combinations given gradewiae as well as 
sexwise on four processes/ namely/ using one 
beaker at a time# using two beakers at a time/ using 
three beakers at a timejknd using four beakers at a 
time. 
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incidence or Arbitrary Errors 

Failure to grasp the essence of the problem results 
in all sorts of errors. Then they bring seveoral 
extraneous considerations into the problematic situation 
which are in no way linked with the solution of the 
problem. They were too diverse and hence too difficult 
to count. Quite a feu are mentioned below: 

I. Took contents from Z and out into K. 

II At the last step/ the yellow colour appeared. 

III. how did the colour appear 7 He did the 

experiment. 

IV. Gepeating or reproducing the illustration or the 
question if the illustration fails. 

V. Giving combinations like: ACK/ BGDK/ ABCDK; etc. 

The role of beaker Z was ignored. Alternatively/ 
combinations like ZK. was given Ck is an empty 

or collecting beaker only) 

VI. Perform several experiments but nature ..of any 

experiment is not given. Alternatively/ tried 
seve^l methods and failed. 

VIZ. Obtained contents from ABCD and boiled. 

VIII, Drawing the diagram of a table and showing the 

positions of bottles on it. 

IX. Give me an extra beaker. Then he forgot it. 

X- (Comment) Either the beaker K did the trick or 

the mixing of four liquids. 


I Si. 


....17 
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XI (Comment) I simply do not understand how contents 
in Z beaker change the colour. 

XII (Comment) It is not known how the yellow colour 
appeared in the first instance. 

XIII There is a suggestion or advice for Ram not to 

forget. 

XIV. What is the business of the beaker K in the 

experiment? 

XV. In fact/ it is the duty of R.-m to keep in his 

head the various experiments and tell them when 

asked. 


XVI. I tell you the wayi I am sorry it does not work 
now. 


XVII. 

(Analogy and carry 

over 

effect of the 


illustration) in the 

second 

experiment/ the 


colour did not appear 

because 

it did not appear 


in the first experiment. 



XVIII. 

1 will take the contents 

f;rom the various 


bottles (beakors). 

I will try several 


combinations (but combinations are not given). 
It these do not work* then I will put yellow 
colour. 

XIX. (Way out), I tell you the way. Empty the jfour 
beakers. Fill in them as usual, they put some 
yellow colour. 


'S'!* 
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XX. Transfer all the contents or liquids into the 
empty beaker K. Mix well. be careful ! Yellow 
colourjwill appear. If it does not# then put 

yellow water. Another response: cover it with 
yellow paper. 

XKI. I tell you how the yellow colour can appear. 

I can quess that Z contains yellow colour. If 
not then# it is pcttasiuin iodine. You can taste 
it as well. 

XXII. (Sos the incomplete response). In the first 
method the cclour did not appear because Ham did 
net lilt niaterialts from beakers B# C, D and Z. 

he cught to have done this. 

XXIII. There is yellow colour in the beaker Z which is 
net visible. 

XXIV. (Combination not clear) Put materials from the 

remaining beakers drop by drop into the beaker 

K. Then transfer this mixture drop by drop in 

the beaker Z. something or somewhere the yellow 
colour must appear (what is your combination?)."I 
do not know". 

XXV. Poor Ram had to perform several experiments. 
Why? I tell you. Take an extra beaker and put 
some water and yellow colour into it. Ram only 
forgot this. For this only^ he had to perform 
several experiments* 
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XXVI. Take other beakers # say, D, E, F, G, H, then I# 
j, K, L, then M,- Ni Of P and no on. Put 

different materials and I hope the yellow colour 
x^ill appear. 

XXVII. Let Ram continue with this experiments. He 

should learn not to gorget. T wish him 'good 
luck'I 

XXVIIT.I am dead sure that beaker K contains some yellow 
colon?:, 

XXIX. I can aay that thesp- are all chemical liquids: 

water, acid, alkali and even scents. 

XXX. Give Tti ^ some litmus papers; red and blue. 

XXXI. If my method does not work, I will take large 

and larger quantities. 

XXXII. It is a terrible problem. I have to think. 

XXXllI.lt ia a tricky problem because even I do not know 
when the colonrfwill appear, 

XXXIV. Ram ought to^iave labelled the bookers (which were 
already^iabelled) . 

XXXV, K beaker may be containing yellow oiour(magic) 

or the beaker Z may contain yellow colour. I 

can also say that even the beaker K could be of 


yellow 

colour. Or 

the 

liquid 

turned 

yellow 

because 

there was 

little 

dye or 

colour 

on the 

palm of 

Ram which 

fell 

into beaker K 

during 


experimen tation. 

....20 






Discussion 

Contrary to Piaget/ it is strange to note that 
many adolescent pupils were led astray by the arbitrary 
errors committed in one form or another while tackling 
this problem. Even in grade X/ the percentage of pupils 
30 affected within that age group is as high as 57.5. 
There is another interesting observation. Through . out 
the grades, girls are affected more than boys as shown 
in the table given below; 


- 

VI 

VII 

VIII 

IX 

X 

Boys 

65% 

85% 

60% 

45% 

50% 

Girls 

70% 

85% 

05% 

85% 

65% 

Boys & 
girls 

67.5% 

85% 

^ 72.5% 

65% 

57.5% 


Further analysis of the data shows that the 
grade percentage as well as sexwise percentages on the 
incidence of arbitrary errors arising on account of the 
failure to accept the problem also suffer a hump each. 
One of such humps is shown in Fig. 3. 
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Grades 


Pig. 3. Hump on the incidence of arbitrary errors 
arising due to the failure to accept the 
demand of the problem 


Several points of interest emerge. First/ taking 


one beaker 

at a time/ over 

55 

per cent 

of 

total 

combinations 

have been missed 

by 

the pupils 

of 

Grades 


VI to IX, Secondly/ taking two beakers at a time. Over 
73 per cent of the combinations have been missed by 
pupila of grades VI to X. Thirdly/ taking three beakers 

...,22 


lir% 



at a tine. Ove^: 7.1 per cent o£ the combinations have 
been misaad by pupils of Grades VI to A./ fourthly f 
taking all the four beakes in any order. Only boys of 
grade VIII and X have not missed any combination. All 
of them were thus able to see the problem as a whole, 
the percentages of thope both ucxwin© and gradevcise who 
missed seeing the proVjlnm as a whole aro given below; 



VI 

VJT 

VTTI 

IX 

X 

Boys 

75 

15 

0 

b 

0 

Girls 

55 

30 

26 

20 

5 

Boys and 
gir&s 

65 

33-5 

12.5 

12.5 

2.5 

Except 

in grade VI, 

it is 

more ot 

girls rather 


than boys wno have missed seeing the problem as a whole. 
Decline of percentages across the various grades leads 
us to conclude that seeing the problem as a whole is 
mastered gradually. 

Sample Responses. 

Let us now menficn below a few sample responses; 

(i) G5f I.Q. ao , Grade VI, Score 0 

Ram was a small boy. Beakers; hi B, C and D. 

Took materials from beakers A, B, C and D and 
put these into beaker K. Beaker K is empty. 
The yellow colour appeared. 
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(ii) B 6# I.Q. 82# Grade VI# Score 0 

Nohan inquired of Ram about the yellov colour. 
Hov did it appear.? Ram carried out certain 
experiments# his bad luck that yellow did not 
appear. 

(iii) G 6# I.Q. 82/ Grade VI# Score 0 

First of all# Ram poured water into a beaker. 
After a short while# he found that yellow colour 
did not appear. He tried again. He took 

materials from beakers A and C and put that 
stuff into beaker K. The yellow colour did not 
appear. 

(iv) B 15# I.Q. 107# Grade VI# Score 0 

You see that there are four beakers. In beaker 
K# put some yellow dye. Put material from beaker 
A or B or C or O into beaker K. You will always 
see yellow colour. 

(v) G 18# I.Q, 115# Grade VI# Score 0 

Took material from beaker B and put that into 
the empty beaker K. It won't work. Take another 
yellow beaker and put that K material into it. 
It will just look yellow, 

(vi) G 69, I.Q, 92# Grade IX# Score 0 

I will proceed as follows. Ram should take water 
in two or three beakers and add yellow dye into 
one of these. Then transfer a small amount 
of materials from beakers A# B# C# D each into 
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beaker K. Then add water from the remaining 
beakers. Yellow colour will appear. 

(vii) G 30f l.Q. 95# Grade Vlll# Score 1 

Take four bottles of water (chemicals). The 
colour turned yellow because all the four bottles 
stood in a raw. 

Took some materials from bottles hi B# C and 
D and put it into K. Then took out some material 
from beaker Z and put it into beakerK. The 
yellow colour may come. 

(viii) G 38# l.Q. 115# Grade VII# Sore 1 

I tell you the way. Take eight glasses of 
different colours: Yellow# red# green# blue# 
whitish and golden etc. Put materials from 

Beakers A# B# C and D into these beakers. The 
materials in yellow definitely look yellow. 

We have four boxes# you see. 

Two of us (pointing to a friend) did the 
experiment. Me put materials into these boxes. 
Yellow colour did not come. 

Let us now take four beakefers# A# B# C and D. 
Take materials from each beaker and put it into 
beaker K. Then put some material from beaker Z 
into it. Now the yellow colour appeared. 
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(ix) B 41, Grade VIII, I.Q. 70, Score 1 



Fig. 4 One of the specimen responses 

pictorially. 

I drew the diagram first. I have also shown the 
bottles. The empty bottle K is on a high stool. 

I took materials from beakers, A, B, C and D one ' 
by one and put that into the empty beaker K. \ 

Then I took out some material from beaker 

Z and put that into the beaker K, The colour 
turned yellow. 

(x) B 20, I.Q, 120, Grade VI, Score 3 

In a roun<^bout way suggests the following 

combination BKZ which is, In fact, BZK, there 
must be yellow colour in Z which is not visible 
to the eye. In C, it is whitish. I took a little \ 

colour from C, a bit more from Z and put both 
in the beaker K. Yellow colour should appear. 


HI. 
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(xi) G 95' I.iQ- 107i Grade K, Score 14 

Ram took material from beakers B and Z and put 
into beak-^er K. Yellow colour did not appear. 

So be should take materials one by one from the 
beakers C and D. so the combinations are: 

AZKf (already done) 

BZKf CZK and DZK 

The other combinations are: 

ABKZ, ACKZ, ADKZ, BDKZ, CDKZ/ BCKZ, (taking two 
beakers at a time.) 

ABCKZi ABDKZi BCDKZ« ACZDK 
(taking three beakers at a time) 

Lastly/ ABCDZK 

(taking all the four beakers) 

1 think 1 have finished all the combinations. 
1 do not see any other combinations/ still left. 

Interpretation of discussion 

What do they do when they fail to solve the 

problem ? They complicate it by bringing several 
extraneous considerations into the situation in which 
they then carry out quite complicate or far fetched 
reasonings in another otherwise simple situation/ which 
are simply not blind. Even when they carefully read 

ithe problem along with the illustration that gives 
scent to the solution of the problem/ they continue to 
rub the problem at the wrong end. It is/ therefore/ 
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least surprising that when failure to grasp the essence 
of the problem in the absence of the corresponding 
cognitive structure or scheme of thought occurs/ all 
sorts of solutions arise which range from repeating# 
rephrasing or repoducing the beaker through obtaining 
an extra or several beakkers using all the 26 alphabets 
to closing all the possibilities even once the 

understanding dawns that this particular solution must 
give the yellow colour. A few other helpful suggestions 
are also provided: be more careful in future# poor Ram 
should not have forgottten the experiment for he could 
well have written it# earlier# thus# avoiding trouble 
later on; emptying and re-emptying the various beakers; 
giving a few more chances 'to|discover the solution; and 
committing the final experiment to memory. Apart from 

these# there are two other trends as well. First# why 

should 'yellow' does not ask or expect then to question 
just this part of the problem. Secondly# if they just 
accepted# the reason well could be some invisible 
colour in beaker Z (which could be a case .of magic or 
jugglery) which appears in beaker K. If this is not# 
colour the K beaker yellow or wrap it is a yellow 
transparent paper. This solution amounts to using the 
basic information and concept underlying the science 
of colours. Our pupils just do not stop at this for 
they do further in their thinking# a distinguishing 
characteristic of their thought. 
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If the preceding methods have not worked# why 
not boil the chemicals ? Why not use litmus papers or 
acidBi alkalies# water and scents# etc. ? These 

proposals amount to physical and chemical 
experimentation to a certain extent. This is usually 
done in the laboratory while investigating an unknown 
substance. In this context# their consequent thinking 
on this problem is quite respectable for no option even 
external to the problem is excluded from consideration 
to crack it up. Chemical like drugs are labelled. 
Poison is clearly marked. Why 7 For quick distinction! 
Whereas the psychologist has its own limitations# any 
scoring system should not set aside such approaches. 
For example# if no illustration is given# beaker Z 
becomes beaker P and joins it earlier partners. the 
solution to the problem then becomes very difficult 
for it becomes an open problem in which every option 
has to be suggested. This very problem may then throw 
up several arbitrary errors making# in the process# any 
distinction between meaningfull and arbitrary error 
difficult. The reason for this is that there are no 
extenal criteria against which a 9iven option can be 
tested. This then necessitates either rephrasing the 
problem or imaginatively testing half the options with 
fewer and fewer control experiments. To cut short the 
discussion# our data abundantly indicated that the above 
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mentioned arbitrary responses attempted at tackling the 
problem whether at the end solution emerged or not. 
This point is generally missed because solution to the 
problem is known to the psychologist. If the solutionr 
/unfortunately* is not known to the psychologist, 
distinction between relevant and irrelevant variable, 
in fact, ceases (the words easier said than explained) 

for they have to be shown so by the strength of general 
as well as (or) specific argument supported by 

observation or mathematics or both. 

Main results 

The results of the study indicated the following: 

(i) Except a small fluctuation in Grade VII, grade 

means increase with age. Average performance favours 
girls of Grade VI and X whereas it favours boys of 

remaining grades VII, VIII and IX. The highest mean 
performance of grade X girls is less than half of the 
maximum score on this problem which clearly shows that 
most of the adolescent pupils are not in a position »to 
exhaust all the possibilities inhering a combinatorial 
problem. 

(ii) Contrary to Piaget, adolescent pupils are not 

in a position to exhaust all possibilities. Considering 
even a semi-maximum level of possibilities it is only 
in class ix and X that 40% and 67.5% of the pupils are 
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in a position to do so. This ability to exhaust a half 
o£ the maximum possibilities exist little in grade VI, 
YU and VIII, the corresponding percentages being 
0, 10 and 23.5. It is least surprising that about 

one third pupils of grade VI are not in a position to 
consider even a single possibility. In grade VII that 
is 2 years later even 12.5 per cent givls of that grade 
are not in a position to suggest a single possibility 
considering the pooled sample (N=200) Only 55% of the 
students are in a position to suggest only one two 
three combinations (possibilities) especially when one 
of the illustrations is provided to start their 
think^ing on the problem. 

Results for the four distinct processes of thought 

reveal the following: 

(1) Taking one beaker at a time. It is only In ^de 
X that almost all the pupils are in a position to 
exhaust all the combinations in that category. The 
percentage declines to 45% in the case of IXth grade 
pupils. 

(il) Taking two beakers at a time. Overall 

performance is poor. No student from grade VIII could 
suggest even a single combination of the type- Even 
in grade X the percentages of such combinations for boys 
and girls are 154% and 26.6% respectively. 
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(lii) Taking three beakers at the same time. Here 
again the overall performance is poor. No combination 
came from grades VI and VIII, The percentage of such 
combinations by boys and girls of grade IX and X are 
-7.5 and 7.5 and 13.5 and 20.75 respectively. 

(iv) Taking four beakers at the same time. Only 20 
combinations sexwise were maximally possible in each 
grade. Only 76.5 percent combinations we-^re given in 
this category. Except a single fluctuation in grade 
VII in the case of girls only# moat of the combinations 
were given given by pupils of grades Vll to X. In grade 
VI r the percentage of combinations given by boys and 
girls are 25 and 45 which are low. This may be due to 
single aspect of the problem which was in fact short 
clrcuted on this problem. 

Lastly; let us see how this problem correlates 
with other 44 variables. It correlates insignificantly 
at the conventional level of significance with the 
following outside variables: social adjustment; 

understanding the problem; felt difficulty of the 
problem and interest in the problem. With all the other 
variables! it correlates positively and significantly. 
There are a few interesting observations as well. 
First; it correlates more with grade than with 
intelligence () 'orrelations being .5439 and ,3534). 
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Secondly; it correlates more significantly with some 
problems and schemes of thought than with intelligence, 
some examples are: negative summation series problem# 
proportion problem# rectangular cube problem# 
combinatorial digital problem# questions involving wrong 
answers# nine dot problem# fish problem# spring balance 
problem# proposing tests problem# and usMng constant 
difference, using summation# using proportion# using 
three digits at a time# genera'^Lisation to algebraic 
symbolic (proportion); stating procedure and proposing 
teats. 

Satya Mehndlratta and N. Vaidya investigated only 
one scheme of thought# namely combinatorial grouping 
(reasoning) among 120 pupils in grades VI to XI# there 
being 20 pupils in each grade. The basic problem for 
ensuring its understanding was in paper pencil form 

(See vaidya# ) and the Piagetian problem was 

demonstrated in small groups to the pupils. 

The sample was divided Into three groups on the 
basis of the achievement variable - high achievers# 
average achievers and low achievers. 
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Pres6ntation of results 

Table: 4: Showing mean and S.D.'a o£ all the processes o£ 
beaker problem for all grades (V through X) 






GRADES 





Name of the 
tebt 

Processes 

statistics 

used 

V 

VI 

VII 

VIII 

IX 

X Topal 



Mean 

2.55 

1.80 

1.65 

2.00 

2.00 

2.80 

2.13 












^Olll ■ X 

S.D. 

0.82 

1.28 

1.38 

1.25 

1.12 

1.15 

1.15 

Beaker 

problem 


Mean 

2.10 

3.40 

3.90 

3.30 

3.20 

2.15 

3.00 


UOIll a ^ 

S.D. 

2.15 

2.16 

2.26 

2.26 

2.32 

2.32 

2.27 



Mean 

0.50 

1.05 

1.80 

1.55 

0.95 

0.85 

1.11 












^Uill • o 

S.D. 

1.05 

1.19 

1.50 

1.43 

1.05 

1.34 

1.32 



Mean 

0.30 

0.35 

0.7 

0.55 

0.55 

0.22 

0.44 


^Ulll ■ 4 

SD 

0.47 

0.48 

0.47 

0.51 

0.51 

0.41 

0.49 



Mean 

5.45 

6.60 

8.05 

7.40 

6.70 

5.95 

6.69 


^UUl • X 

S.D. 

2.91 

3.15 

3.83 

3.61 

3.31 

3.76 

3.49 


...3 
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4 . roLdtacl fdctor matrix aa wall as 

. 5: ahwoimj ' . " (.^^e three factors along with the 

«cae. by e.ch U the f.btor. 


Sil^o- 


Vaiiahl'-’f’ 


p'AC'TOUt 


II 


III 






CD 

1. 

Using one bcaUer at■a time 





iJiiltiM 1 vJO IkmI'.hi n at a > imi' 


.OJ 


i. 

Using thieo hiiakci::.’ ac a Lime 

- 

.75 

“ 




. 60 

- . 3o 

4 . 

Using 'I beakfi-a at. a ti-mu 





R.jLing l)Y taahura ..n laipil'a 

. GO 

— 



ppj|,l<iiii ;n)lvnif| aln 1 ■'> Y- 




b. 

overall achieviiiorit 

.00 



7. 

Achievement in English 

.60 



B. 

Achievemtnt in Hindi 

.54 

- 

-.39 

9. 

AchiveFnent in Mathomatica 

,70 



10. 

Achievement inSocial Studxea 

,52 

— 


11. 

Category of pupila 

- 

,93 

" 



3.44 

1.90 

1.16 

12,. 

liign value 




13. 

Percentage got variance 

31.4 

17.3 

1 

10.5 


carried. 




1 14, 

Cumulative- percentage 

31 .4 

40,6 

59.2 
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The main findings of the study Indicated. 


There ' is a steady growth of combinatorial grouping 
ability with grades V to X with some fluctuations. 

There are significant mean differences in high# 
average and low achiever groups of total 
combinatorial grouping thought for all the 
processes of combinatorial grouping ability. 

There is no significant mean difference in 
achievement of social studies for three different 
groups high# low and average groups of 
combinatorial grouping* 

The achievement in examination is having a positive 
significant correlation with the combinatorial 
grouping ability. 

The achievement in school subjects namely# English# 
Hindi and Maths are significantly correlated with 
combinatorial grouping ability. 

Correlation between ,combinatorial grouping ability 
and achievement in social studies is not 
significant. It shows that social studies is not 
helpful in development of combinatorial grouping 
ability. 





Combinatorial grouping abilit^is significantly 
correlated with problem solving ability. This 

shows that development of combinatorial grouping 
is helpful in solving problems of different areas. 

Considering the entire sample and all variables 
using principal axes method and rotated by varimax 
three factors appeared/ these are: 

1. Achievement in examination. 

2 . Combinatorial reasoning -2. 

3. Combinatorial reaaoning-1. 




The present study 
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This study aims to see how students from class VI 

/(Age 10+] are able to solve the problems involving 

combinatorial reasoning. The total sample is 33 

comprising of students from 2 schools of Delhi 

Honther's International and Mirambika. 

(N=25) (N=a) 

The problems presented involved the student's 
ability to form different combinations. The problems were 
presented after the students had been able to solve 
certain simple problems (the equalizing experiences) on 
which nearly all of them were expected to perform well 
i.e. no failures were expected. 

The tasks presented are briefly discussed below:- 

(1) There are three boys Blr B2 and B3 and also three 

girls Gif G2 and G3. All 6 of them go for a dance party. 

Oly a boy and a girl can dance together. Soi could you 

tell me in how many possible combinations a boy and a girl 
can dance together. Just write down all combinations that 
you can think of. 

(ii) There are three numbers 6f 6 , 9. You have to form 
both three digits as well as two digit numbers by using 
these numbers. Write down all the numbers which you,can 
make by using these numbers. 
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\ (jii) The beaker problem;- 

I There are 4 beakers on the table. They are 

• labelled Ai B# C and D as shown in the diagram below. 

I A small distance away there is another beaker Z. 







: F=ig5 

"’^1 

jP There is also another empty beaker K. 

! One day Ram did an experiment. Ram took parts of the 
contents from beakers A< Bf C/ D and put them in the empty 
beaker K. After this he took some liquid from beaker Z 
and put it in beaker K. An interesting thing happened. 
The entire liquid in K turned yellow. After some time* 
his friend Mohan came and enquired of his friend jabout 
the formation of yellow colour in beaker K. While 
answering this question Ram forgot how he had done it. 
^Now Ram carried out several experiments to obtain yellow 
i‘ colour in beaker K but failed. Your problem is to write 
down all possible methods by which yellow colour could; 
be obtained. Please remember that you have to write ,do\ifn 
ell the methods. 
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Tble ! 6- Showing the scaloqram of pupils responses (N=33) 
' on Dance Problem. 
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hie 7: showing the scalograni of pupil responses (N=33) on number 
' formation problem 
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Table 8; Showing the scalograni of pupil responses on the beaker problem 













































































































































































46 


\ 


Tsaching schemes 
nance prob lgm 

I. 

We have 3 boys. 



and 3 girls 




All of them go to a dance party. Only a boy and a girl 
can dance together. In how many pairs can they dance ? 


one pair is Bli G1 


Can you think of 
Look how you can 



the other pairs 7 
form the other pairs. 


<83r 






III. 



laSa B3 Gif B3 G2 Sind B3 G3a 

Bl, B2/ B3 and Gl/ G2, G3 can dance in 9 possible' 
combinations. 

Teaching scheme; 

II. Formation of Numbers: 

There are 3 numbers 6/ B, 9. You have to form 2 
digit and 3 digit numbers using these 3 numbers. One 
number would be 68. 

How do you form the other numbers? 

Another number you can form is 69. Look how you 




can form the numbers. 
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the numbers formed in all are 12. 

Now rewrite these numbers in a systematic 


698 


, 869 


, 968 


manner. 


I Br" 
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•s 

Lastlyi it is stressed that teacher should not impose 
'1 fra^evorH of thou,ht on chliaren's thought 
• nv iaoa which the chiia aevelops on his own 

process. 

la of lasting values. To quote 

. stretched by a new idea can never 

’^„rch "us “oVAlual alLnslons." 
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2. Teaching 
for 

The exclusion o£ vaxrlables 


■ 4 90 




2. Teaching 
for 


The exclusion of variables 

f 

Introduction 

It is a world famous problem which has been used 
by several workers all over the English speaking world. 
For investigating the thinking process of adolescent pupils 
it is an ideal problem for ascertaining the extent to which 
the sixteen binary operations appear during adolescence. 
Using the Piagetian version of the problem in its basic 
'essential let us see how the solution of this problem is 
obtained. Before this is done the main objective of the 
study is whether the pupils can manifest formal reasoning# 
using a series of thought provoking problems. In other 
words# whether under certain conditions their thought 
processes can be accelerated. Secondly# it is to suggest 
a teaching plan. Before this is done let us see: 

(i) How the solution of this problem is attained in the 
higher age groups. 

(ii) How training helps in the acquisition of "Exclusion 
of variables" scheme of thought and that too in the higher 
age groups. 
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Study by Vaidya 
(The Simple Pendulum Problem) 

Introduction 

The present study was conducted in two parts on 
aecondary school going British pupils who were studying 

in a Secondary Modern School in Central London. They were 
not academically minded and their intelligence quotients 
varied from 60 to 110 on the 11 + test. Most of them came 
from less than average socio-economic status families and 
broken homes too. They were too noisy and too difficult 
to discipline or control by their teachers. Hardly any 
of them was to appear in the R.S.A. as well as G.C.E. 'o' 
level examination later on. In the first part of the 
study, the questionnaire approach was used (N^dO); and in 
the second part of the study, it was the case study 
approach l.e. the individual made of administration (N=31). 

On reading the problem, it becomes apparent that 

the problem is quite difficult, because it involves 
excluding variables one by one through control 

experiments. The variables Involved are (1) fixed time, 
(2) weight of the bob, (3) volume of the bob and the amount 
of swing sideways. At the same time, it also involves 

visualizing bobs of different volumes but ,of the same 

weight and vice versa. As conservation of weight ,follows 
conservation of volume in intellectual development, the 
above-mentioned variables interact and interfere with the 


I qj. 
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thinking of the fourteen fifteen-year adolescents. It is 
shown by their performance on this problenii especially/ 
In view of the fact that this experiment was set up# 
demonstrated and explained . This problem otherwise would 
have proved too difficult to understand. 

1 am showing you a simple pendulum. The number of 
swings this pendulum makes may depend upon — 

1. The length of the pendulum. You can measure 
its length. 

2. The length of the swing sideways. You can 
change this amount of swing by starting the 
bob from different positions which can be 
marked on the floor. 

3. Weight of the bob. You can weigh the bob. 

4. The volume of the bob. You can find its 
volume. 

5. The length of time for which this pendulum 
swings. You can read time from your watch. 
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Your problem is to set up experiments to show which 
of the above things 1-4 are important timing and which 
I are unimportant . How will you get rid of the above 

factors (variables) (1 to 4} one by one; and thereby make 
; your judgement on each one of them ? 1 will write down 

the first step for you. 

First Step. To get rid of the length of the 

pendulum/ I would perform the following experiment - 

Experiment 1 

I would get a length of string with a ball on it. 

I will measure its length on a ruler. 1 will hand it up# 
pull the bob to one side and count the number of swings 
it makes in one minute. I will mark the point sideways 

at which I released the bob for swinging. I would now make 
the string longer/ use the same bob/ release the bob from 
the same marked point and again count the number of swings 
it makes in one miniute. I would write down this second 
as well. I would now shorten the length/ use the same bob/ 
release the bob from the same marked point and record the 
number of swings it makes in one minute. Now I have to 

make a conclusion. I know all the three counts. If the 
three counts are different/ then I will say that different 
lengths give different numbers of swings in one minute. 
If the three counts are the same/ then I would say that 


.. .5 
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length does not affect the number of swings in one minute• 
jhua I would know the effect of length on the number of 
svings on my pendulum. 

Now proceed to get rid of the following;- 

(1) Weight of the bob ; 

(2) Volume of the bob; 

{3) Length (amount)of the swing sideways 
(amplitude) 

Anything else that you require for your experiments is 
supposed to be available. 

Alms of this problem. This problem involves 

isolating the following factors or variables. 

(1) Time. It has to be kept constant/ at least/ 

for any set of observations. 

(2) Weight of the bob. This involves changing 

weights of the bobs (three times at least) 
keeping all other factors the same. Other 

factors are time/ length of the string; volume 

of the bob and the amount of swing sideways. 

(3) Volume of the bob. This involves choosing bobs 

of three different volumes but always of the 

same weight; and keeping all other factors the 
same. 


lo,q 
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For purpose# it does not matter if a set of 

j.|,ree different experiments is set up to isolate a 
pgf'ticular variable. 

No hint is given on this problem. The other 
features of presentation are: 

(1) Experiment (1) was redemonstrated and 

re-explained in the light of subjects' 
questions. 

(2) They werQ in fact# encouraged to ask questions. 

(3) They were asked to tell their difficulty and 
what they were thinking about. 

Scoring. It is as follows: 

(1) Keeping time constant or counting for one vibration. 

= one mark 

(2) Isolating the following factors by setting up control 
experiments for 

(a) weight of the bob 

= two marks each 

(b) volume of the bob 

(c) length of swing sideways 


Total score 


seven marks 
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...is ot the ptoble. solving Procese 

„ pa. cent of the pupils couia not sttenpt this 

mother 15 per cent dia stteept this prohlen but 

' attack it at all. All this happened over a vide 

it tmge. The renaming 32 per cent did attempt it to 

.eiain the full elution. What, therefore, rena ns 

ispertant to us are the distinguishing features of 
Bequenc. of reasoning. It is sonewhat as follows: 

, 1 , I eeuld take the bob off and weigh it and see how 

such it swings without the bob and neasure the 

difference. I would find the volune of the bob and 

the swing. Make the swing and 
take it away from tne ewiny 

measure the distances 

(ii, I would Change the bob to a different weight by 

using a lighter bob. The volune of the bob - 
would Change autonaticallyjwhen I put a lighter bob 

If the bob was ligher, it would 
on the pendulum. It tne 

not swing as far as the heavy bob. 

• vai- rtf the bob is important 
(iii) I would say that the weight 

i-i, f the string. Because without the 
and the length of the string. 

a: 1- Vvrth the pendulum would not be any 

weight of the bob, the penuu 

good. And the length of the pendulum awlnga. 
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^Iv) 0® ^ repetitive and then he says, "I would 

get a length of string with a ball on it. 1 will 

measure its length on a ruler — I would hang it 
up, pull the bob to one side and count the number 

of swings" 

(v) I would weigh the bob and then weigh the whole lot 

and take it away and see how manyswings. Volume 
of the bob is _, you know. 

(vi) A very long string, a heavy weight and pull it a 

long way, about a foot. 

(vii) If you would measure it with a ruler and answer 120 
cm. 


(viii) Measure the swing on the ball, swing the weight and 
mark and count the number it swings and makes in 
one minute. 

(b) The second feature is the awareness of time, 

i*6., fixed time or count. Along with it is the 

consideration of three weight*^ which should be different. 
But in this case, they have forgotten the role of fixed 

volume. However, for the purpose of scoring, we have 

given them the benefit of doubt. One interesting thing 
to note is that after isolating thef actor of 'weight'', 
there is evidence to test the factor of 'length' again. 


Ill 
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!consider this response: 

"I would get a piece of string of a certain 
length and put on a bob (3) each of a 
different weight on the string. Then I would 
time each weight to see how many swings it 

makes a minute. I swing from the same place. 

Then I would draw a conclusion by knowing 
if each weight .is the same or not. If 
these are the same then I would know if the 
length of the string matters or not. For 

this/ 1 will increase the length and test." 

He retests experiment No. (1) 

(c) After isolating the fact-^or of weight, there 

is the tendency to consider three different volumes but 
weight staying the same. Similarly, the consideration for 
the length of swing also comes in. Consider these 

responses: 

(i) I would get a fixed weight and tie it on the end 

of a string. I would tie the other end so that the 
string can swing freely. I would swing it from a 
mark on the board and time it. Then I would change 
the weight only. Swing from the same point on the 
board and time it. Then I would do it again with 

another weight. If the time it took , to make a 

swing was the same in all cases, X would know it 
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affects the swing." 

Expt. 3 to isolate volume:- "I would set up like 
last time only Instead of swing and different 
weights l would use bobs of a standard weight but 
different sizes. Then 1 would swing them from the 
same mark# and see if it affected the swing. Expt. 
4 to isolate length (amount of swing). "I would 
use a fixed weight and length of a string and would 
swing it from different places on the board. If 
the results of the time of each swing were different 
that would prove it affected the time of the swing. 

I would put a bob on the string and swing it and 
see how many^swings in a minute. I would then put 
another heavier bob on and do exactly the same 
procedure. Again with the third; I would put a 
still heavier one on. If the counts are different; 
then each weight gives a different number of swings. 
If they are equal then the different weights do not 
affect the number of swings. Again I would take 

three volumes ',of he same bob and do exactly the 
same procedure. With the length of swing; I would 
make two points either end of the string and see 
how many^times the swings touch the point. With the 
second and third method; I would move the fixed 
point. 


11 
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jiii) I would change the weight of the bob to three 
different weights and on three# make the experiment 
In the same amount of time and in the same 
positions. If three are different, weights give 
different number of swings in one minute. (2) The 
same expt. only this time changing the volume of 
the bob (same) three times. (D) Change the amount 
of swing three different times# the length of awing 
sideways changes th^effect of the numoer of swing 
of my pendulum in one minute." 


More than two-thirds of the pupils fail tosolve this 
problem. It is a poor performance on this problem where 
only 12% of the pupils completely solve this problem# 
especially in view of the fact that the experiment number 
|1) provides sufficient background information to solve 
practicallythe whole of the problem. The reason for the 
failure to solve this problem may be the concopts of 
conservation of volume and weight have interfered with 
their (pupils') thinking processes. According to Piager# 
the conservation of volume follows the conservation of 
weight in intellectual development but the age at which 
we are considering these concepts (or schemata)# these are 
supposed to be well developed among our pupils. 
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INDIVIDUAL S2UDX 

Hannet o£ pr*««nt«itionS No hint la $iv«n on thle 

lideratandlng of th« problem woto clarified. Experiment 
), (1) vaa explalnedi demonatrated and redemonatrated. 

Irovth of the Solution of the Prbblm 
Thia la seen to be aa follovret 

(a) No. of thoae vho could not do the problem at 

all. *• 

(b) No. of thoae uho made arbitrary errora. ». 25 

(c) Mo. of thoae who understood the aignlficance 

of fixed tine. *• IS 


(d) No. of thoae who isolated one variable only. 

.. 1 

(a) No. of those who isoleted two vaclablee only 

.. 1 

(£) Mo. of those who isolated three varalblee 
only. »• ® 


The solution of thia problem can be dlscuased under 
the following headingas 


DlBcusaion 

(a) Bxtrane 0 ua 


e€»Miderationa< 


I . 111 ' 




■ ’-'it' 

v*!., 
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(b) Grasping ths ssaence of ths problem on the 

basis of some quoted cases. 

I 

I (a) Extraneous and arbitrary considerations* While 

engaged in solving this problemi many extraneous and 
arbitrary considerations turned up right from the academic 
group right down to the remedial group. These 

’ considerations are quite irrelevant to the solution of the 
problem but in a way resemble the non-essential part 
surrounding the root of a living plant. 


The detailed growth of the solution is shown as 


under: 

SIMPLE PENDULUM PROBLEM 

No. Solu- Extraneous & Essential grasp 

arbitrary 

j (N=16) considerations (N»25) Fixed Weight Volume Ampli 

Examples. (1) time tude 

Guesses wt. of the bob. 

is 4 08 . and radious ^,^^5 ^,1 N-4+2-6 

(2) Cut off the bob & 
cut off the string. Ha 
Make it longer and 
amaller. (3) It goes 
fasti it goes slower 
with heavy bob it 
goes slower. 

UYIttllHMmre the m 
swing. In fact/ I was 
thinking of the police¬ 
man all the time” (Bob) 

(5) "Get a cup of 
water and put in it to 
find the volume*. The 
moving bob will injureoy 
eyas". "It is stupid 
see the balKgolng) 
like this."" It can goas 
much as you Ilka.” •fou 
can sto^ iti.i etc. 

(6) *1 Imk attnnp bh 

this probl«tt *««i*etb. 

*■» ** * 1.4 

/ ,l .n, 





r 
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of the bob by cutting on the bob from the string". "Of 
course* I will hove nothing to swing except the string", 
iij can't proceed further". He then plays. 

Grasping the Bssence of th« Problem 

Those who have solved this problem became aware 
immediately of the importance of fixed time or count 
after a few trials of the experiment number (1). Theyi 
then* ask for a stop watch. They are* then^ asked dto 
give their method and thereby explain the conseguences 
of the control experiments. The way theymake judgments 
Is more important to us than the recording of actual 
observations* The latter are in fact discouraged* if they 
do not support or reject their chain of reasoning. Thus* 
16 pupils could grasp the importance of fixed time. It 

f 

is immaterial whether they calculate time for one 
oaclllation or aXwaya keep the number of oscillations 
fixed. 


Choosing suitable bc.Abs turned out to be quite 
difficult. Concepts of bobs having Same weight but 
different volumes and vice versa tended to block their 
thinking for a long time. They sat silent with pencil 

in their mouths and appeared to have turned deaf even when 
asked; "What are you thinking now?" They appeared to be 
all forgetful and then started stating their methods. 
They felt a lot of dlft iculty in expressing their method® 


Tar 
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th.tr hhhin o£ reaoonlng «» « 

\ to touo. . o th. ...ore. to 

L gratpea ... ot the 

qufestionedj for axainpla: 

getting rta ot th. -night c£ tho hoh, vco-lH 

take string of what length/lengths?* 

i 

"What about amplitude?* 


"What about volume?' 


"What abount count?" 

This was ascertained for all the 
vere then asked to state their methods, 
follow: 


variables. They 
ft fewe extracts 


She asked for redemonstration of experiment 

t. m Then the following 
She then kept mum for fifteen minutes. 

question was put. 

"What did I do in the first experiment? 


Tiou used different lengths* 

^ and volume# with her 

She made gestures for weight 

» ..«4*hlna. "I think**.# »he 

hands but could not suggest anytmuy 

said," I can think for the aiapiit«<^«-* 

How 7 

# #irso more and more from 

"Change amplitudes# i.e*# drop 

th© Sld^Sa** 
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I 

Hd first gue«»«« that th« waight of th« bob ia 35 
gins. 0® takas th« apparatus into the corner and 

reads experiment Mo. {!). Be then aska for 

redemonstration. 


"My count ia for 20/1 auppooo/^ he then waita and 
thinks. Then ho mutt era to himself- 

"Small weight - amall volume ~ Mo. 

Small volume email weight ■« Mo. 

Same bob. 

Small volume 
medium .olume 
large volume 
awing aame 
etring aame*'. 


Hia retroBpectdive aolution ia reproduced below. 

''To atart/ 1 aaid ahorten the atring/ but I wae 
doing experiment 1 and not 3, Then I aaid lengthn 
the string but I waa atill doing experiment 1 and 
not 3, Then I aaid/ meaaure the length of the 
swing by starting off at the same point. Then <see) 
i^hought of swinging it alowet and alower." 

a * a # 20 


a^i 
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I lindi 

5 he waa the quickeat to solve this problem. She 
asked for redemonstration. She then repeats Qy.porim«nt 

I ^No. (!)■ then changes both length and weight but 

iBimediately correct herself bysaySog/ "atring stays the 
aaine." Immediately/ then/ she states control experiments 
i for the other two variables. Her solution is quoted 
below: 

"Get the bob on the length of string. Count the 
swings. Increase weight of bob / but keep both 
length of string and position of swing same. Count 
swings. Decrease weight of the bob/ keep length 
of string ad position of swing same. Count swings. 
If swings in oneminute ace same/ weight o£ ball does 
not matter. If swinge in one minute are different/ 
weight of bob matters.* 

Similarly is handseled the "volume* factor for 
isolation. It is seen that the concept of fixed time 
(count per minute) is the first must for solving this 
problem (See Baerms case). As soon as this factor is 
Isolated, considerations for other variables emerge* It 
is also abundantly clear that cues from the experiment 
No. 1 are not utilised straight away. In other words# 
these cues ace utilisedi by those who can visualise those 


XjIS 
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upila who are in a position to visualize that the balls 
oi: bobs of the same weight but of different volumes; and 
the other way aroundi exist. The variable of weight is 
'isolated first before he variables of volume. The last 
variable/ that is, the "amplitude of motion", does .lot 
offer any special difficulty because the bob is to be 
released from three different heights. 


a-lf,. 




The pteaont etudy 


(The acceleration of thought process 

on 

The simple pendulum) 


Outstanding result 

our ten year old pupils came from a well known 
private public school <N>»33) . Their overall achievement 

and socio-economic status wore above average* Some of 
the pupils (N"8) had undergone unique experiences where 
they were freee to choose their own activities in 
accordance with their interests and inclinations* Whereas 
they were seeing part of the problem clearly in relation 
to the equalization of experience (Handkerchief problem 
which was not scored) and the simple pendulum problem 
where their responses were to be scored as par our 
criteria. Ho one was able to solve this problem even 
when it was affirmed firmly 

(i) The length of the string can change* 

(ii) The weight and volume of the bob can change. 

(iii) It is possible to choose bobs of three different 
volumes, but having the same weight* 

(iv) It is possible to have three bobs of different 
volumes but having the same weight* 

(v) Similarly/ the amplitude of motion can be changed 

by releasing the bob at different heights* 

Under the circumstances# they perhaps needed more 

®*perienGe with simpler problems. 
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our experiei'c® 
with 

^heae two problems 

What Is our experience with these two problems which 
have been Investlgaged by us over a very long time and 
where samples have been drawn from different parts of the 
iountryllnaian# Nepal and Uganda^? The problem of "The 
Combinatorial grouping" and "The Oscillation of a pendulum 
and the operations of exclusion" related according to 
Piaget/ to the operational schemes of formal logic (one 

chosen out of nine) and the aevelopment of propositional 
logic (one chosen out of six) respectively. 

(1) The first problem is easy whereas the second one 

is a difficult nut to crack. For each scheme of 
thought/ we finally selected quite a few problems 
Inhering more or less the same logical structure* 

(2) It is not difficult to arrange these problems in 

their ascending order of difficulty* When this is 
done even in a rough manner/ it keeps us whether 

thinking on these problems can be accelerated or 
not. The pattern of response is discernible. 

(3) Adolescents do not tackle the problems 

ayatematically, Bowever# if experimental problems 
are selected# it is a good practice to let them 
"mess" about* tater on# it is within their 
capacities to describe the general mode of approach 

to the solution of tbs pr<^le»* 

tuiz. 
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One can aae this happer>*^ing remarkably as soon 
^3 (when) their individual minde become 
experimental* The age at which thia happena la 

just past midadoleaence i.e* after the age of 
fourteen vear®. In thoae countrlea where teaching 
is done ' orall^r through chalk and talk methods/ 
the figure of 14 + goes up to as high aa eighteen. 

The choice of the problem is critical in 
investigating thought. It is a good pVi^ctice to 

starting witt^lmple problems for which experitaental 
materials are easily available* Take f^iaget'a 
problem on ‘'Combinations of coloured and colourless 
bodies"'* (liquids)* We made it a paper pencil test. 

The problem became difficult. We then put it into 

the form of digits: 6# 7/ 8# 9 or 6# 8/ 9. They 
were able to find/detemine figures. Finally/ we 
reduced it to boys and girls who wish to dance and 
where only boy and girl can dance together. Here 
the problem becomes of human interest. "Have you 
missed any pair , "can be the general question which 
can be raised. It can be a practical strategy 
which is so natural and effective at the same time* 
Still, the underlying logical structure cannot be 
wished away for it has to be negotiated bythe 
adolescent pupil some how*? 


^1% 
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It was seen prominently when we ueed the "Simple 
pandulutn" problem. Several problems were consideredl- 
^he "flow of water through a tube had a special appeal. 
But the results on the whole were more or leas 

disappointing* If they learnt to aolv© one problem^ they 
found it diffcult to apply the eame/aimilar mode of 
Teaeoning to another problem/ say/ the bending of rode 
problem. They could hardly eee the variation of a given 
variable. So it is bettor to select one and one variable 
at a time; and show its variation by keeping all other 
,variables constant (see the handkerchief problem) whore 

(i) length can change 

(ii) width can change 

(iii) thickness can change 

(iv) colour can change 

(v) colour can be different 

(vi) nature/material can change 

(vli) time can change but has to be kept reasonably 
constant for the experiment to succeed. 

(viii)Equality of sun or shade has to be ensured. And 
so on. 

And, it is not at ail a single shot effort. 

(ix) The pattern of errors on almost all the problems 
is clearly more discernible than the pattern of the 
attainment of solution. This happens when pupils 
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at three or more levels of mental development are 
in the sample. So a teaching scheme is implicity 
available which is hardly made explicit. Why ? 

The reason that the teacher always insists on’ the 
right answer. 


What is implied from the above is that there is a 
close association betwen the problems based on 
propositional logic and operational scheme as judged 

bythe correlation between the scores on these two problems 
especially when these begin to be solved reasonably well. 
This view is further strengthed by our futher results 
which show that all Piaget and Piaget type tasmks 
correlate positively and significantly. To quote the 
Plagetian hypothesis: 


....close relation exists between the mode 
of organization or the overall structure of 
the combinatorial operations on the one hand 
and those of the formal or the 
interpropositional operations on the other. 
At the same time that the subject combines 
the elements or factors given in the 
experimental context; he also combines the 
propositional statements which express the 
results of these combinations of facts and 
in this waymentally organizes the system of 
binary operations consisting the 

conjunctilonsr disjunctions; exclusions etc. 
But 'this coincidence is not so surprising when 
we realise that the two phenonomene are 
essentially Identical. In other words; the 
system of propositional operations iS; in 
fact; a combinatorial system; just as from 
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the subject'a point of view# the only purpose 
of the combinatorial operations applied tothe 
experimental data is to make it possible for 
him to establish such logical connections." 

This whole thing is very very close to the Piagetlan 
'g' when contrasted with the Spearman's 'g* . The problem 

than remains that of paraHlng the affective development 
aa well as the use of Piagetian logic as a toolf for the 
analysis of familiar experiences in our day to day lives. 
It means that the developmental trend as discerned has 
jto be analysed psychometrically within the context of 
Piagetian theory. 

Teaching Plan 

\ 

Background. Despsite the failure of this 
experiraept of controlled experimentation# it is highly 
desirable to introduce pupils to controlled 
experimentation towards the closing stage /Of the concrete 
stage of mental development. It is possible to identify 
and finally select# even on tentative basis# in the 
ascending order of difficulty as many experimental 
situations as possble on this theme. It is an observation 
which is highly relevant to the several schemes of 
thought. It is equally interesting if problems of daily 
concern are also tackled that way# superstitious also# 
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Qf course^ not excluded from purview. To quote some 

examples: 

(i) Out of several advertised tooth pastes/ which one 
will you finally choose to buy, say for the same 
price? 

(ii) Out of the several available edible oils# which one 
will you choose/ say for children/ adults and the 
aged/ sayfor i-fche same price ? 

(iii) How will you travel fast enough as well as the 

cheapest enough from Shimla to Kanyakumari within 
a budget of three thousand rupees/ say/ for a period 
of three weeks. We assume that fares of air/ train/ 
bus and living expenses vary from place to place. 
Also list the places of tourist interest which you 

would visit too. 

Teaching plan 

It comprises ithe following steps: 

(i) Pose the problem in the solvable form. 

(ii) Tackle successfully part .:of the problem under 

similar diverse conditions. 

(iii) It is observed that measuring 't' (no of 

oscillations per unit time) is the basic 
prerequisite to understand the simple pendulum 
problem. Ask children to measure 't' for different 
lengths (pendulum) as well as weight as well as 


2 ./*^ 
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volumes bobs and amplitudes r that is# release 

of the bob at different heights. 

(iv) Vary the variable under study as widely as possible 
for dramatic results. Let each one of them (pupils) 
have the vague notion of what is happeni^ing. 

(v) Raise such questions as: 

1. Can we change the length of the pendulum? 

2. Can we change the weight of the bob? 

3. Can we change the weight of the bob but keeping 
the volume )Of the bob same ? How ? 

4. Can we do the same thing for the volume of bob? 

5. Can we release the bob at three different 

heights ? Can we control the weight and volume 
of bob 7 It turns out to be a very simple 
question because except the amplitudef all other 
factors remain the same. But it offers 

difficulties .for the pupils. 




• « • « 
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Teaching Scheme 



I am going to show you a pendulum. 


The bob is released at 
No. of oscillations made in 5 
of oscillations made in one 
answer. 


the point 'A'. Count the 
minutes. Calculate the No. 
minute. Write down your 


« « * ■ 
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2 , Again look at the pendulum I am now releasing it 
from the point ’B’ (At a higher distance/level). Again 

count the number of oscillations in 5 minutes and 
calculate the number of oscillations made in one minute. 
Write down your answer. 


3. Still at higher diatance« again count the number 
of oscillations made in 5 minutes and calculate for one 
minute. Write down your answer. 


32 
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NOW answers/cesulte ate when pendulum is 

released from 3 different points- 


What do you conclude from the above mentioned three 
experiments. Encourage them through appropriate 

questioning arrive at the following conclusions* All 
other things remaining the aam«r the time taken for one 
oscillation does not matter* 

Further check 

I will show you another pendulum* 1 am doing what 
ji did in the previous experiments. Can you predict the 
results of this experiment. 


« « « « 


33 






33 - 


There are other problems which can be introauced 

to chilciren for statino the hypothesis. 

1. The bending rods apparatus - 

The apparatus of a bloclk of wood on a stand that 

has six metal rods inserted into it. The variables 
involves are (adjustable) lon‘jth of rod??/ thickno^s# type 
of metal (brass or steel) shape (square or round)/ and 
amount of weight that is hung on the ends of the rods. 

Rods are referred to in tho te.'ct by the abbreviations 

in the figure below/ e.g. long b vs st means a compared 
the thin brass rod with tho thick steel one/ the brass 
rod wae longer/ and &> usedcgual weights. 



« • e « 
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The flow ot heat chrou< 3 h a rod on which pebbles are 

fixed; 

This is another problem. If requires the pupils to 
determine the factors on v/hich the falling down of the 
pebbles (fixed with the help of was) will depend, (see fig) 
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jhe ramp problem 

look at the diagram very carefoUV- 



Th«. IB a r.mp with a 9 to=v. along which aph.r. 
can »11 up an- Sown. » target aph.r. la pl.c»-l at th. 
entre ol th. r.»P, whan another <roUlng) aph«a 
celnaaea trom the right (aee the dlagraa). It roUe flown 
Cha reap, atrihea the target eph.re and aahea it move up 

on the left. 

s «>hca t-i&rast sphere on any raiDp 
The movement of the targe v 

depends on the following factors- 


naJi 


a » e ♦ 
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2 Haight of releaae of the rolling sphere. 

2 . 

3. 

4. 

5. 

je. 

| 7 - 

B. 

9. 

10 . 

A stude/vt of your age wanted to Know how worms move 
about In light and moisture. To solve tnis he placed 20 
vorms in the centre of each oi the four glass boxes under 
different conditions of light and moisture. ifor moisture# 
water was sprinkled on the bits of paper in the whole box 
or in half the portion of the box as required* Light was 
provided by the electric bulb to the required part of the 
box. His data are shown in the four diagrams given below. 
Your problem is to have a close look at each of these 
diagrams and reach a suitable conclusion. You are free 
to suggest any other experiment# if it might help to solve 
the problem clearly. It is also possible that the above 
mentioned student have missed an experiment or two* 


xMT 
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2. Mhat do you conclude from diagram 2 and 4? 


3. la any other experiment necosaary? If yes/ euggest 
the experiment with diagram. 



xaa 
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He have not taken into consideration pupil's capacity to 
process information. Fascual Leone has done some 
significant work in this area. This constraint is 
biologically determined and must be taken into account 
while undertaking studies on accelerated thinking. In 

other words# the demands of training should not exceed 
this capacity. The Piagetlan explanation is in terms )Of 
lack (absence) of logical structure. However# unlike A.E. 
Lawson# we did familiarize our pupils with the concept 
of variables; and that too in a wider context. Still# 
the results on "The Exclusion of Variables" scheme of 
thought have been more or less the same in other cultures 

too. It then means that this scheme ,of thought is too 

lazy# laborious and difficult to promote among children 

below the age of 11 years. The type of school attended 
to hardly matters. On balance# it appeas that "stating 
hypotheses and Testing hypotheses" must be regarded as 
two separate and distinct variables for teaching purposes. 


Piaget stresses self-activity (also applicable to 
teacher training) and self-experience which ultimatelylead 
to the development of logical thought in the 
I self-education of the individual. It may not be inferred 
from above that Piaget hardly gives a significant rolee 
other than this ,to the teacher in the Intellectual 
development of children! 'they also serve who stand and 

.39 
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On the other handi Piaget gives a reflective role 
to the teacher in his scheme of things, he must try to 
find out what words mean to the children, he must design 
well-thought-out structured experiences so that they may 
continue learning even outside the classroom for months 
and months, he roust provide opportunities for learning 
In a social setting, he must provide opportunities where 
children (even of different age groups, of course, not 
differing very widely) clarify each other's concepts 
through teaching and lastly find time to carry on 
conversations with them either individually or in small 
groups in order to find out their real thinking and 
feeling on difficulties and issues which agitate them 
(39). It appears that he does not take away whole of 
teacher's freedom but allows him to Invervene. If he 
does not, no educational system in the world will tolerate 
even a couple of Summer Hills. (A.S. Neills) even for a 
couple of days I. However# any educational system worth 
lbs name will allow to some degree to its teachers the 
following eight steps of the helping processes based upon 
the combined views of E.H. Erickson, Jean Piaget and 
Robert R, Sears. This approach# if applied# will take 
us very close to the concept of Clinical Teaching. 

HELPING PROCESS 

Eight Steps of the Helping Process 


1 . 


Observing situation. 
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2 Ordering and assessing observation, 

3 ^ predicting course of development without 
intervention. 

4 , Predicting course af development with intervention. 

5 . Formulating tentative hypothesis and or 

66. Purposeful intervention/ including acknowledged 

noninterference, 

7, Observing anew after intervention, 

B, Beassessing the previous appraisal and formulating 

new hypothesis. 

Sub’-divislons of the Helping Process 


study Process 

Appraisal process 

Treatment Proce¬ 
sses 

Observatlond) 

Predicting without 

Purposeful Inter- 

X 

Ordering and 
assessing the 
observaat ions ( 2 ) 
Observing a new 
after Inter- 
vention(7) 

interveentlon (3) 
Prediction with 
intervention (4) 
Formulation of a 
hypothesis (5) 
Reassessing the 
previous appraisal 
and formulation of 
new hypothesis ( 

vention(6) 


Let us now conclude this section in the words of 


Plavell who has been the best publicity officer of Jean 
Piaget: 


.One hardly thinks of him as the Dr. Spook 

of mental development. And yet it is our 
strong conviction that a thorough familiarity 
with his theory and data can be enormously 
helpful in the daily business of understanding 
and coping with children/ whether in the role 
of parent teacher/ nurse/ or whatever. For 
one thing/ the system provides a detailed 
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normative frame of relerence. if you have 
a rough idea of what children at a given 
developmental level are likely to be thinking 
about and how they are likely to be thinking 
about itr if youhave even crude guidelinee 
as to cogitlve poaeibiXities and limitationsr 
as to what the child can and cannot gra^p, 
and how he will and will not be able to 
construe events# then you can better 
understand what the child has said and . lone# 
better predict what he will say and do "next# 
and in general carry out your caretaker 
function with greater confidence and skill. 
But there ia more :o the adult child 
encounter than just ca. staking per se more 
than just doing things Jith and to the child 
in order to achieve somw short or long range 
socioalization goal. One may also want 
simply to climb inside his world to achieve 
a meaaure of emphatic understanding as well. 
He has told us enough about cognitive 
structure at different age levels to permit 
us to do a crude kind of computer simulation 
to "program** outselves to process information 
in rough approximation to the way the child 
processes it. This pursuit of tha child* s 
phenomenology comparison • with norms 
approach# be of real help in the chi Id-rearing 
or care-taking enterprise* But It doea not 
have to stand or fall on its pragmatic merits. 
There is a sense of satisfaction# a sense of 
doing something worth doing# just in achieving 
a degree of communion and sympathetic 
participation with a mind quite unlike one’s 
own. 


Lastly# the basic idea is to help children form 
scientific concepts which elassiify and interpret their 
experiences. They can also apply these concepts to new 
situations. So there is something common between the 
pupils who are learning science and the scientists who 
are practising science. The common points are# 
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1(1) Both try hard to understand the world in which they 

I 

live. 

^ I 

i(li) Both are curious to l«atn» 

(iii) Both aeeh relationship in what they observe, 

:(iv) Both build up on what they know and modify their 
ideas by setting up hypotheses and testing them. 

So the whole problem of accelerated thinking has 
to be seen within a certain ccontext. One such context 
relevant to our purpose is provided by the space (science 
processee and concept exploration project)/ a project 
currently In progress in England under the control of 
Professor P. Black and Wynne Harlen 






THE FXNAL VERSIOH 
OF 

HUMF effect Xt4 SOE*VX%tO 






THR FXNAL VERSIOH 
OF 

hump effect XN PPOBX.EM ROX.VIMG 






All our dignity lies in thought. By thought wa must 

I ievate ourselves not by space and time which we cannot 
ill. Let U6 endeavouir then to think well? therein lies 
|n the principle of morality. 


BLAISE PASCAL 
<1623-1662) 




The final Version 
o£ 

Hurop Effect in Problem Solving 


Abatract 

Problem solving take^ place in stages i<fhich have been 
variously described in literature. It is admitted that 
understanding in problem solving increases with age. But# 
Piaget in his experimental studies on logical thinking# did 
not follow up the peculiar behaviour of pupil errors. It 
la related to their appearance# disappearance# reappearance 
and finally disappearance. Moreover# he also missed an 
interesting observation where the mean performance of pupils 
rose up# fell down and went up again with age. Professor 
J.s. Bruner and Professor Sidney Strauss termed this 
phenomenon of temporary nature as *GroMth Error* and *U 
Curve Growth" respectively. The mirror image of the latter 
resembled the "hump* of camel too. 

The above two observastlons were examined at depth 

over a decade in out studies on Idgical thinking. Here a 

problem solving test comprising eight schemes of thought 
was administered individually and In a goup situation to 

a group of 200 pupils (B ^ ^ 100) of grades VII to XI. 

The errors weres recorded and graphed in Individual problem 

solving process* It has dsfied firm explanation but the 
educational Implicatione erletng out of this study have been 
pointed out. 




Back9iround 

to 

Th« Study 


By ita vary natura the investigation of human thought 
^ight fora infancy to adult-hood ia a complex venture. Its 
experimental investigation through the techniques of problem 
solving is of recent origin. Problem solving takes place 
as soon as the problem la percieved by the problem solver 
and is aimed at to reach the goal. The problem is supposed 
to be not only new and novel but also at the same time there 

is supposed to be no direct solution available to the 

j 

if problem solver at the time of its presentation. However^ 

!according to K, Ouncar (1945) it is also assumed that the 

P 

I problem solver possesses the needed Information for solving 

i 

Ut. Problem solving as a technique of investigation has 

i 

>been utilized very widely in research studies pertaining 

i' 

Fto the diversified range 3f conceptual echemee of thought 
hn the fields of genecrel psychology and the nswly emerging 
hitecature on science education. When search for clarity 
I is made overall confusion results when problem solving is 
j defined as "combining the essentials of two Isolated 
experiences" Hainer (1930) or as "the integrated activity 
of perception/ memory/ recall/ association/ generalization 
atd reconstruction of Ideae^ Welch (1972). Even when seen 
in its specific context problem solving ability ia said to 
vary very widely, for eg. fro* the simple finding of 
Mceptions" at end (Haslett/ 1930> to the formal reasoning 
of complex naturs at the other end (Inhelder, 1990). Theme 




|ig inherent difficulty in tackling prcblem solving 

I 

Lucceesfully w*^en probleifl solving situations used to evoke 
'thinking are too diverse. 


Noticing 

the 

Hump effect 

In hia wain study, N. Vaidya (1975) found that 

I 

|aaoleBcent pupils commit a large number of errors while 

^engaged in pcoblcsi solving. Zn this field experiment where 

; the adolescent pupils drawn from grades VI to X were matched 

on age, I.Q. and aocio-economic status {H^200, B ^ G and 

in each grade B"G «20} it was sesn that dominant errors 
» 

among the errors {shared at least by 20 percent of the 
pupils) were found to increase with age/grede before their 
frequency in higher age groups finally fell. When such 

J 

f frequencies were plotted the resulting curve took the shape 
of the "hump of the camel". It is of interest to highlight 
this finding because whereas undserstanding incressed with 
age, the individual errors contrary to expectations too 
appear to have suffered their ups and downs before finally 
<3ecUning with age. Why should it happen? Is it the case 
an adolescent/playing with figurss thoughtlessly or 
arbitrarily iin the hope of being favoured with good luck? 

it his case to reapond to the varied test items in any 
"lanner he likes, regardless of eonssgusncas and meaning? 
it the cases of lack of seriousness on his part ? Xs 






of being caught between the home of a dilema 

casts 

„..v 7 I» it the case of hot chaae trying hard 
,d getting muck 

choose in haphazard directions as if in the manner 
Lng in on the prohla. . Does it iUustrats that the 
; at a thought process is through a paths uphill, 

L„, end often ecractlc t Or doe. the adole.cent r.gr... 

! .j „„ „ odventurou. a. well a. pleasant Pi.g.tl.n 
111 , during which h. i. trying hard to .ducat, out 
iueelf, thinhlng that th. right path to ccnc.pt davelopcant 
in tlourlahlng on ..p.rla.nt.l fallura. or prcbla- 
„l,l„g altuatlon in which alth.r und.r.t.ndln, auffar. a 
.IP or error, a hu.p . ait.rn.tiv.ly i. it • t.=t 
putting hi. achaua. of thought wrongly, aapaclally whan h. 

pereonal r.a.rvatlon. about hi. .alt e=-»>lt.d hnowladg. 
j„ contraat to achool Laming which do., not .at right hi. 
,ia, hald ..If centrad thought. ? L.atly, i. « th. caa. 
th.t he choo... to b. vary rcntle in hi. co.put.tlon. when 

confronted with a problam altuatlon loading to a 

nee. are ao.e of th. .tray notion, which atrlK. whll. 

kevlng ancoonter.d thl. alu.lv. ph.noa.non in aeveral 

jpontexts; 

(i) When the answer to the test item is contained 
in the problem Itielf. 

^il) «h.n th, teat it., naad. an acithaatlcal or 
algebraic symbol* 

i(iil) When the count i» total number 

trials or errors on individual steps. 




when the eatne atep is suggested again after 
having undertaken other steps in the 
furtherance of eolutionr nansiy/ resting 
points* 

Lastly^ vhen the count is kept of total number 
of arbitrary as well as extraneous 
considerations brought into the problematic 
situation during poblem solving. 

Additional Support 
from 

Literature 

Interestingly enoughi Piaget did talk of regression 

in thought but did not later on follow up this observation. 

Hehler and « - ' '' ; 

Sever (ISie?} also encountered this phenomena in 
bhelr studies of conservation* According to them this is 

a "tumporary phase" when this scheme is still under 

development* Possibly it is a case of reacquleition of the 

I same scheme of thought. Later on S.2. Dubek end G.B, Dyer 
studies longitudinally the Plagetisn developmental stage 
and the concept of regression. 65 children ranging in age 
from 5-9 years constituted the study sample who were 
tested individually for three years. The tools comprised 
intelligence testSr personeilty questionnaire/ Rorschach 
Inkblot teat and a serlea of Piagatlan tasks concerning 

space, conservation/ causality and class inclusion. Bight 

true eegreaaione were noted. The regression ranged from 


|(iv) 


(v) 




p percent to 1 p«i:dc«nt under certain conditiona. 
Interestingly enough, both Piaget ocoree and Intelligence 
(cores (wise) favoured the regreeelon of children, 

Sidney Strauee (1982) reported eimiiar work under 
:lie title U ahaped behavioural growth on several problems 
relating to conservation take, Intensive guantity tasks, 
plrect function, Inverse function and proportions. These 
VorkB which still are under development arose out of the 

( 

I work of Piaget, Merner end Vygotsky, They do not regard 
the shape of the curve as very isportat and hence have 
|tentatively named it as the "U shaped curve**. It has 3 
ifeatures namely (i) the behaviour appears (il) it drops out 

i' 

s 

^at a later stage and (ill} it reappears normally again at 

s 

)a higher age group, N. Hall (1976) encountered the same 
phenomenon among doctors, nurses, wards and hospitals in 

^the area of anxiety encountered with time as one of the 

( 

^dimensions. Let us now mention ell such studies 

I 

jchronologlcally in the tabular form belows 


jiuthor 

( 

Tear 

Title 

J. Meher and 

Bever 

1967 

Cognitive capacity of 
very young children. 

S,P. biggory 

1972 

Cogitlve process in 
Sducations A 
Psychological Preparation 
for Teaching and curricu- 
Ion development 

N. Vaidya 

1975 

h Study of some aspectsolS 
Thinking among science 
students of adolsscent Age 

J* Piaget and 
"• Inhelder 

1977 

Conservation of sobstanca, 
weight and volume in the 
essential Piaget (Pg 3S6) 




K'lithgr 

Year 

Title 

Lanne. C. Martorano 

1977 

Developmental Analysia o£ 
Performance on Piaget'a 
formal opefational taaka* 

1 Lovel and E. Oglliv# 

1977 

Coneervation jo£ Subataance 

Growth of conservation of 
volume* 

Lvid 

1977 

Children's Oisecvery of 
conservation In the issentlal 
Piaget (Pg. 357) 

I.S, Sandhu & N. vaidya 

1978 

Hump BfCect as observed during 
problem solving. 

il,, Kaneakar 

1979 

A study on the Bdcluslon of 
variables during Adolcacenee* 

pcylt Rothvfll 
iBughes and 

Ijoseph Rogara 

1979 

Conceptual Posers of children; 

R*H, Beard on 

|i) Coneervation of weight 

(agerage abilityt Pg.4S} 

(ii) Coneervation of weight 
(aversage ability: !»•< 
corract responsea: Pg>61( 

(iii) Conservation of volume 

Uvtrage abilityt Pg* 155) 

|ID.S. Sandhu 

1980 

A factorial study of adolescent 
thought using Piaget type tasks 

N.c, Arya 

1961 

A study of grwoth of scientific 
concepts among elemantary 
school children* 

^Maiihu Hathur 

1 

1961 

A study of growth of sxpsrtmental 
mind during sdolesctncs* 

(Sidney strauaa 

I 

1962 

Ancestral and Dsscendant 
Bthaviuourst Ths case of D 
shaped behaviroal gwoth* 

N.S. Padmlni 

1982 

The g^*i;h of exclusion of 
variable during adolescence. 

Sadhana Joahi 

1964 

Home aspects of logical thinking 
within PiagetIan context among 
certain group of adolascant pupils 

M.s. Bhati 

1966 

Bump Effects An Exploratory 
study. 




For further clarifications, this phenomenon was referred to 
Professor J.S, Bruner at Oxford in 1976, He commented on 

it as follows: 

The type of error that you refer to which 
we speak of as growth error, is one in which 
a growing child tries out a new strategy 
although it is not well developed and uses 
it in place of one which has been working 
well. It is error of this sort which 
suggest to me the venturesome of learning 
during this early period, the human beings 
are willing to shift to a less certain and 
more powerful strategy, before they have it 
under control, in preference to one which 
is safe, sound and dull* 




The Presentation and Gaaphinq of 
aelect data on Hump Effect 


Let u5 now preaent aome select data from studies where 
lump effect has prominently apppeared^ 60 th during the 
ocess of acquisition as judged by the mean soopEs and 
he particular dominent error at least shared by 20 percent 

|if the pupils. It is to be reiterated that Hump effect was 

I 

ot the specific object of investigation in any one of the 
alow mentioned atudies. It was interpreted when we found 
Uat a young child gave a correct response whereas the ofder 

pne gave an Incorrect one. Let us now^have a look at the data 

/ 

along with their graphical representations. 
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suggeetions for further Research 


The investigations of human thinking is a complex 
tttterpfi®®* When relevant findings become available 
Mthod specialists and teachers are going to the major 
btneficiarios* " Teaching to think " according to Edward- 
h*-Bono Is one of the chief objectives of education. In 
hie vast experience with teaching for thinking all over 
tha English speaking workr he also saw the significance 
of Bump effect which again lacked any theoritical 
txplanatlon, it isr thereefore, essential to seek a 
thsoritlcal construct for clarifying this elusive 
phenomenon. One is not informed much when the world known 
teacher for thinking says "It may be necessary to go uphil 
for a while and face awkwardnesa and other difficulties 
hafore things settla down on the other side of the hump . 
In this context the following problems are suggested for 
further research: 

U) It needs a highly controlled factorial study on 
children over a wide age range and Intelligeitee. Other 

I 

outside variables which should not be ignored are* 
cural/urban divide, home-background, soX dlffotences and 
petsonallty factors. Moreover the past history of the 
individual cannot be ignored*, ft is only then the second 
pheae of the hump effect can be made increasingly 
transparent * 

(il) It la neceseary ■ 

ptogranmes for t;bt 




nature of the newly generated thinking process needs 
be evaluated for relevance# permanence, stability and 
turiatic growth, 

||J1) It is ideally speaking essential to carryout 
[gdgitudinal studies for the findings based on such 
ftudiea may provide a developmental view to the teaching-b 
tattling process. 

iv) It is further suggested to develop additional 
chenes of thought for investigations. Examples are those 
f correlations# guessing# INRC structure# elaboration 
fid functional fixedness (rigidity in thought). 
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Vocnxm on Sdttoatlo]!i : 
a daTaLopmen-baX view 
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«. FrlAolP'^^'Vfl of DeveOLopoimteiS, PsF<^ologsr 
« Main vl«v8 for Bdaoation from tho do\raXo|iiiiimtaX 
point of riw, 

- Nodola of foaohing 
« Xeattdng OFOI 0 and rofloai]!^ pattor&e 

• SOLO 1!euionom3r 

• With objeotlroa In ndnd 

(Solonoe 5/\3 Project) 

« foaoher Training and Barivation of prinolplea of 
taaelilng 

• iooM^asratlng tho development of formal thlnlelng 
-• Problem eolvlng methoda 

■» A problem aolvlng model of Inatiuotlon 

• Learning idth project a 

» Another logioaX approach 

• Attempting ahodov atudlea 

• Conoept mapping and the oartographj of oognltion 

• CottOladlng atatement* 





tChe heaircn and aXX baLow Hhm 
IS&Tth and bar creaturea* 

AXX olian^cet 

And wa pai^ a^f oayaatlon 
AX so mnet anf#» obanga* 


^ Oirld Kata Hoxpboals 
( ^spanedatad) 





Sbd friadpXes 
of 

DorOLopnantal Pepohology 
DaTAopa$nt«X Payobologjr * 


Huaan bdaavioar la not only 
▼Aiiflibla bat alao dynastic In its oharaotar* It lo not 
a lixad entity but abangea xlgbt fiom birth throng 
niddLa asa; and finally^ to death. It has boan etadlad 
Inta&alvaLy aa tfall aa axtanal^aOLy during Infbnay and 
ohll^ood. So the tam davalopAantal payohology ia 
lnt«rohangaably uead with child paychology» adoXaaoant 
payohologyi adult payohology and ganatlo psychology. On 
oloaa rafXaotlon« thaaa taints ara dlffarent fron aaeh otbar* 
(Ganatlo psychology^ for aia»pla» shows a con cam for aatoganatio 
aa wall as phylogaastLe behaviour, fha anoyolop^edla 
dlotionary of psyobology daflnaa It as the study of 
reoarkabls ohanghs In hshaVLour which happen as paopla 
grow older* But what about davaLopnant ? It haa bean 
aaan differently In dlffarent theories* 
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Dha 0011 $ apt of davalop&ant 

aa 

3a#ni la thvaa aiffarait theorlaa 

Sjo, Voaanclatiira of Baalo notloas 

tha fhaoxy 

She aaohaaioal Haat aBsantially spaa^lag 

alrror thaoi^ Is pasalva. Iftavironmaat 

is reaponslbla for vha^ 
aa iadlTldaaX beoonas* 

2. Tbe orgaalo lamp tbaory HaPf aaaiatlally apaaklng, 

la aotlva. Hla davalopnaat 
is aeaa aa a asiLf 
constXttOtlTS pvooaaaf 

Man la> baaloally apaalcing 
IrratloasX and aff actives* 

It talcas blm tlaa to oontrdL 
bla lapolsaa aad paaalona. 
3tlU» ha rsnalna la a 
atata eoalUet batvaaaa 
iaatzucts and aorri. 
raatralata* Oxovth la a 
' fonotion of 9 aaaloaa« 
Inatiaota and artaxnal 
deaanda (1)« 


3* fha payoboanalytlo 
theory 





PrlnplPlW of dgrAogmint t 


9h.6 above maatloned rim bave, 
is taAf Xtd to tha energOBoe of cartala prlBolplos of 
depd.opn«nt whioh ave Hated bAov : 

(I) AXl Indlvldaala differ from aaoh other. In 
other eerde* no tvo indlvidoala are expected 

to react In the aenae nanner to the aasne environnental 

etlAttll, 

(II) Perelopaent ie a ftiinotlon of aataration (genetio 
effeata operating in a self limited oyole) and 
learning, Ihe latter la that aapeot of dertLopment 
that oomee thsou^ exerolae and effeot on the part 
of the Indlvidtial, 

(III) Baoh apeolea haa ita own oharaoterlatle pattern 

of deeelopoent. Inditldnel dlfferenees exist aithln 
eaoh apeolee hat are ignored vhen one la looking 
for the general trend of derelopnent therein, 

(Ir) laoh phaee of derelopnent le oharaotexlaed by Ite 
dominant aet of tralta* Bat all trait a dereiop In 
their ovn way and at their own rate* Koreovert 
the denreloiBent le maifeed by pattema of e^alllbrlum, 
dlse^uHlbrlam and again e^nlUbrlnm at a higher lerel. 
It le daring dlaeqalHbrins that ohlliren freqaently 
show problcB behavloara. 




(v) Xbe d^vd-opment I 9 seal aa oumuXatiTa aHere 

aXl aorta of lacidaata natteiw lor axperlanoaa* 
eipaiianeeB so on oollaBtiag nntU tnay Infiuanca 
tha ra'ba of dafvelopment. 

(Tl) flia ideas and abilities of eblldren change 

anoznoudLy between the asoa of 5 * 13. Othorwlse, 
the ohansea are gradnaX end contlnnoua which are 

plotared aa follows * 






ng. 1 It (*ows the wawerlng nature 
of the developing abilities 

It 1, »<,t «a* ot Pl.0. to motion >.«, 

4rt.ll. of th. rt»n4. of 4 .^rtop.»t T.iy 
to lodltUMl. it th. .«>• «... Pl«»t iM *«» that 




iB dlfloom a pattazn in tUm vTaioh ±a 

0i]ill«7 for different IndlvldtialB (2)» 

fija Bain tLowb 
for 

gduoatlon from the de7elopmeii 
point of ▼l«f 


bet ae now deaoribe in trlef the 
flTo Bain ▼lave of education fzom the develofmental 
point of 7iev which depend upon the natural atilitiee 
of the growing children* It ie essential to place the 
onlld at the centre of eduoation rather than the other 
vay round* Diue the children leame to master the 
aUmuli rather than the reeponBee at the input level* 
Initially* it 1b a time oonBumlng piooesB but finally* 
the gaina or Immanea beoanae the child is able to help 
himself. He» this* leamB "how to learn"; and becomes an 
autoaomoua Isaznozw Xhere are other advihitages too* First* 
oMldren learn to wozh hard rl^t upto the limits of their 
their physical enderanoe. Secondly# the knowledge thus 
gained by i;h«& is of lasting Tslua* Finally* the 
teaoher oan attend* to the needs of other obildran who 
need him* VIth thla end in view* the following fire 
main viewe for eduoation from the developmental point of 
view are presented, fhaso are i 




(a) Models of teaohins 

(b) lieaming cyoXe and reasoolng pattern 

(o) SOLO laxonomy 

(d) imth objeotlTea in alad 

(e) Seaoher tralalng and derivation of 
pxinolplee of teaebing» 

(1) Modele of teaching 

In "Zhe Beeentiol Placet'* both H«B» Qruber and 
J. JaGines^voneolie have aaggeated fovr models of teaohlng. 
icoozdlng to theSr the oilsLn of these models lies In 
Piaget* 8 eorli:* Zheae nodela are as follows s 

(a) fag a t learner has the aooeae to diverse 

oarrloolum materials and aotlvltiea but he la under the 
oTerall oontrol of the teaoher. Zhe goals - aoadeolo 
and eeolal are aohleved gradually* Zhe learner la free 
to pursue hla aoadealo develQpaent* Zhe model is 
oharaotexlsad by both play and imitation among the 
1 earners* 

’ Iteamers feel spirited In dlaagre«ent* 

Zhe ahnosphere la suoh that Ideas are exchanged through 
dlsouasion. fluoh Inforaal ataosphere ahoild be present 
in the eXassro<»n so that a ohld can opmn up* Zhe child 
in euoh a setup develope quailtlea of leadership * 
cooperation and persistence in the face of difficulty* 

He develops respeot tor amthozlty too* 




(o) ithaPB » Oialosasa laad to aolutlon of tte^blaaOi 
fbe anderiTlns 10 to obtain olsxlty of tba lazy 
Donodpts through a Boxles of q.uastlons and ansvaro* It 
itlaalatoo thoa^t* defralopa underatandlngy anhanoaa 
protXam aol^lng afeciUa and oontrlbutaa to the atook of 
Yglaable knowledge* 

(d) IL-*Porado I Ihla is a genaraXiaatlon of the Athana 

Bodel both quail tatlwaiy and quantltatlTely at a higher 
lerel* faaohara and atudente are botn involved In play 
as veil as laltatlon* The taaoher has a dlreotlve tola 
but Bhare5M,a Icnowladge with ohildvan by living It (?)• 

(2) She learning oyola and Haaeonlng pattens 

Bobsrt Karplttst while worhliiig on the 
piojeot fSolenoe OuitIouIqb lapioveaent ytudy" ineoiporkted 
two ooBplcpentary approaohea* nanely nature and atruoture 
of solenoa; and raoant findings In cognitive paychology* 
Bxerolsee were Introduced with Iboua on the developaent 
of logical though* lo aoblare this objective two 
laaglnatlve Botloae auggeeted are s- 

(a) beaming qyele : 

She tnree typea of leaaons in the oyole 
ere explomtoryr invention and discovery* fc®loration 
involvee aanlpulatioB of the wperlnental objeota# Iheye 
Is not nuoh gsidanoe froa the teaohera* 





In "i»Ttfitlon'*t th9 uOAuept dovslopamt relating 
to the learning situation talces place* In the discovery 
p&aee* coiiaren are expected it applj tine oonoepts in 
different ways to the problasatlo situations. 

(h) Reaeoning Patterns : 

r l< 

Eaiplus identified 10 reasoning patterns ae 
glTiQ helbw : 

U Oonserrative reasoning 

2. Idditive reasoning 

3. Proportional reasoning 

4. Ihngtional reasoning 

3i Propositional reasoning 

aepsration & Gontxol of Tariablss 
7* Prohabllistio reasoning 
8. llypothetloo reasoning 
9« Interactional reasoning 
10, Igperlmental reasoning. 

(Che oonoept of reasoning pattsa ensbles the 
teachers to organise their activities at both conorste 
lerel and formal level of mental devdopcaent, 

Self regulation is asosssary fbr Intallsctwal 
dotfllopnent and goes on nH tbs time during the life 
span of the organlssi* Ho aaiies use of his psrssptual and 




notor pattezne and also his past sxpe:risnoss« The 
earlier oonoepts and nsdsils of notion got rsTlssd* 

Btahlioo^ radioally altered to meet the unknown 
Bltaetiona effeotlrOlyt She organiBn therefore flMrvlves 
beoause of self-regnlatlon (4)* 

( 3 ) SOLO Taxonomy i 

It is said that Haget had little to say 
on edttoatlon* Here Bl^s and E*?* Collls gave the , 
plagetlan stages of mental developmenti an eduoatlonal 
orientation and enahles teaohsrs to dstenalno ths Intenslye 
and extensile nature of pupil responses on a rating 
floale* She deveXopment of eaiiohed and renediaX programme 
is then not far away* She rephrased Plagetian stages are 
then as follows t* 

(a) Preoperational i 

A response based on laok of oonprehensionf 
tantologyi irrelsvant assoolation or denlaX of the data* 

(h) Barly oonorete i 

One relevant point is setf^ but others are missed* 
(o) Hlddle oonorete t 

aevetaX r^svant points are noted but In Isoletion. 

(d) Oonorete generalisation t 

She r^ grant dimensions of the data are peroeired 
with their Inter-relation ships* 



(e) g^aaal $ 

A aupex03rdinate» abatxaat principle ie brou^t 
in, to enable raXld generalleatione froa the Mven» with 
extensions to novel data* Xhere Is relnotanoe to close 
on a ttBil<ine answer''. 

In their efforts to oome olose to the class room 
eituationst in their framesoj^St they focussed on the 
highly Varied structures of student learning outoomes* 

Iheyp Of oourssi found a lot of repetitions in 1h<dr 
responsds. Stilli these responses# according to the 
authors were oharactenaed by beauty# deftness# elegance 
and surprise* Being a speculative enterprise# they gave 
It a nsse of SOBO fAXONOHT# that is# the Structure of 
Observed learning outeottee(5)«Co eonoretlse it further# 

It is a taslE apeolflo tool where any reasoning pattern 
of pupils is rated on a five*point scale* !Cheee levels 
in their Solo laxonomy are t (1) presetruotuxaX# 

(11) unl-styuoturali (111) nultl-struetaral# (iv) relational 
and (v) extended abstract. Ithtir point of view is 
illustrated by ashing the following question after the 
lesson on rain wi given. Vby is the side of a mountain 
that taoea the ooaet ueually wetter than the aide facing 
the Interior t 

(4) Vith Objeotivee in mind# Selanoe Brojaot i 

It is a eellaberatiwe project eponsored by the 
sohoola counoll# the Uuffleld foundation and the Scottish 




Bduoatlon Depax^ent* It aaa housed at the school of 
^aoatloni University of Brlstalf Bidatal* Hlhe ohlef 
glm of this Fro;iect Is to hea.p children through thdr 
taaohers in learning soienoe through first hand experienoest 
iiains aaotivitles# resources and methods, fhey 
baTe produced several units of voxlh which Can be titled 
elsewhere too« Bxamples are those of "Working with wood» 
early experiencee; Science from toys} atxuotures and 
foroeSf nine heasts* metalSp plaetlosp rolesi gaps any 
aotlvlties* and the like end unlike"^ She project taam 
raised the following three questions to bo answered, 

(I) What Soienoe ought to mean to children ? 

(II) What objeotives do we intend to aohleve 
throu^ leaxnlng about Soienoe f 

(III) What workahle measures Qan m adopt to achieve 
the oh^ieotlves ? 

fhe pxojeot is planned within the Piagettan 
fraae^woik. She tsaohers thenseLvee carryout these 
activities first before they present these aotlvitles 
to children as teaching learning situations. Soienoe 
teaching oeases to be factual only. Its scope Is extended 
to the acquisition of sklllsi interests and attitudes# 

In other vordsi they leom to pzaotlss "Soienoe" at a very 
young age, 
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ng,% It flhowa th« 8tago-«lii« preaentatlon 
t^aohlBg laaimlfte axperlwoaa 
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Jig* J It flboir® the rartouB aapfota of 

lfa»oiog ioitooe ftor the d«velonao»t 
of eoiflotiflo attitttdeo* 





Certain awkward questlona remain to ba anewered* 

3000 of these are t 

( I ) idiat 1b the etiucture of a given stage or 

Bub*stage In texms of abilities^ teklllSf interests 
and attitudes ? It refers to a devedoped stage* 

If sof ean its Parameters be speolfled 7 

(II) Bow much as well as how far a given aimt sayi a 
general aim is oonoretlaed in aotual practice 7 
It does raise the issue of objective assesmnent 
too* 

(III) Is it possible to know the differences between two 
sets of children who have an In^ulring mind and do 
not have an inquiring mind (d) * 

fbese in a way are philoeophlosl giuestlone 
which Can be raised relevantly for any project* 

(5) Teacher graining and Derivation of principles of Teaching 

Taidya defined the Plagetien sohsne of tboui^t in 
eduoatlonaX rather than developentel oontsat* Sevezal 
eaoh Bohemes of thought were defined ( 1 ) using sommation# 

( 11 ) using constant dlfferencs» (ill) using proportion) 

(Iv) using insight I (v) testing hypotheslB) (vl) fomulatlng 
^ueetlons* (vid) proposing testsi (vlli) using probability* 

The teaoher poses a problem and enoouragee pupils to salt 
ill sorts of answers* he provides hints and ouss but is 
Oarefal not to supply the answers* Pupils are free to work 




over tbe piol^^loDiiS for quite some tlme« Brrore arising 
as a oonsequenoe of failure of acquisition of iiieir 
sohcnes of thou^t also reoelt'ed his attention, iThs 
arrorsf according to hlmi are clues to understanding 
the nature of thinidng processes* selentifio oonetruots 
and eonoepts* 

Jean flaget* s voxk had an important effect on 
teacher training techniquee* these being t 

i) ranax^ble rednotion In lecture soi^c 
ii) encouraging onall groups to work together 
Hi) providing opportunities for development of skills 
such as problem solving* oommunloatlen* 
workshop and drawing 
iv) Individuel attention and feedback 

v) experimental outlook* 

Teidya also initiated a major projeot 
"She determination and development of Sohemee of thought 
in Science during adolescence*^ (SHIO* HCBRf)* He then 
laid the foundation for Ihe following principles of teaching. 

(1) Begin where children are b^r pio'ciding thmn 
with phyeioal objects to act on* 

til) 41XOW ohlldran to study* manlpulatef assess and 
diaoribe gradueaiy in oonfcimtty with their 
mental development* 


ill.' '• 




(ill) Qontl&ua introduolng appropriate a&d 
Interesting aotlvltles and expertme&ta 
tased on pnpll Gitieetlone> protlema and' ^ 
goals wl^ere teacher* a view Ib one 
attong aereraX rlewo worth eicplorlng* 

(Ir) 1!raln than to suspend data If ihey 00 
warrant. 

(r) Boeonrage pupil to pupil interaction. 

(y 1) ivoid technical temlnoiogy aa far aa 
poaalhle* 

(vll) gtreasv spiral learning within the 
context of spiral ourrloulum. 

(vlli) Integrate all fooal aspeotn of knowledge. 

On the whole It oan he said that pupils 
ehedld he encouraged to vozk on their enm (7)» 




Aned.emUng tb» deveXonneRt of fottttaX thinking 


Philip Adfiy and Hlchw^ Shayer ( 1990)« 
both expert a of long standing in Piagotian payohoiogy^ 
bare investigated the asoeisration of tlie dsvaLopment 
oft fon&al thlnldng in niddle and hlgii sehool students 
in a oonntry side project called Qognitive Acceleration 
through Soienoe Bduoation (OAdS)* In a sayt there is 
nothing nev about such studies. Por examplsi aieglerf 
Liebert and Liehert (1973) found that even 10 year old 
piiplls oould he trained to solve the veil known elnple 
pondnXun prohlem* !Chey oould thus fonn and teet bypotnesee* 

Zt vas a ease of direot training on the prohlem with hardly 
any attdept to test for its generalisation to other content 
areas and sohenes of thou^t, list it be understood that 
euoh gains are superdiolal* Sren a young child oould he 
trained to switch on or off the television set with the 
help of a remote oontrol devioe. The real prohlem for him 
only arises when either the main svitoh of the house is 
off or there is no current supply available at that uoaent. 

In other words* it means that idiat is important is the 
play of variables either In isolation or in combination 
In a prohlematio situatiottf auch a line of attack has 
heth adopted by Eum and Angelevt and Jtosenthal in their 
atudies where pupils are introduced to the notion of 
ueamriumti as well as dlmenilons* fhey are also directed 
to have a look at oonflioting peroeptual eituatlons with 
a View to understand and master then* At'^alnlng the specific 




0OlaUozi of tltxe p«)lol«a Ig of gecondory Inportanoe. let 
na nov return to the CAdS pm jeot. 

The project was earrled out In day to day eettlnos 
of the gohool itself* Oontrol groups were also set up 
to aeasure gains as a result of intexwentionB made idiioh 
yore as many as 30 in number* !Che project staff ard 
tesohore pvoduoed Intervention lessons on 10 fonaal 
operational sohsne drawn oontactually from physios^ 

ObSBletiy and biology* It was kept In mind that not 
sore than 25 per cent of the usual tine meant for science 
teacblisg will be given to the experimental olasses* Ihle 
lu a way kept intact the school routine, fhere waer 
however# another spin off advantage of this project* fhe 
project teachers oould beoamsmcre sensLtlve to the 
aeuroes of pupil difficulties in varied learnings and 
thereby develop oertaln strata^es for overcoming then 
for the benefit of their pnplls* fhe sehools for thle 
study were drawn farom seven different areas In ftigLandi 
for example# inner city# sub*aiban and mral sohoole* ill 
the schools vers oo*ednoationalr Age range covered was fron 
Bint years to sL^^teen years, 

/ 

list us now refer t the nature of Intsrrantions* 9 ?he 
intervention lessons# eaoh of 10 minutes to 60 nlnutes 
Aaiation# incorporated fomal epsmtional sohenea of 
thought, such as exolttsion of variables ratio and proportlonalltj 
Huilibrium, oompensatlon# ocnbinalorlal thinking (grouping)# 
correlation# probability oemponnd variables and conservation 
Involving fonaoi modellings Initially# sash intervention 




Xe 00 on fooueaad on one seheme of tboaght. Aa the 
project progreeeed# the paplla were famillarieed or 
led to eee for themeeXvea the naming of the varLahlea* 
raXue of warlablee and the relations among theifit It 
should not he lost eight of that pupils were given such 
prohlems. which require the use of fon&aX reasoning in 
that solution^ There was no attempt to teaoh the rules 
of the game* Instead the pupil is expected to construct 
and use his own scheme of thought for sciying the 
practical problem* This* in a way* is the beauty of 
the project* However* the fLudings of this project 
are hot oleaiveut* The experimental group gained in 
levels of cognitive development* statietioally sPcaking* 
than the eontrol group* More speolfloally* it emounted 
to 2 *»? months differential in development over a period 
of 2 years* It means* in other words* that this muoh 
extra effort is not worth It, The same is the case with 
enhanced aohievsnent; in science* a Case of more or less 
dlsnal failure* The till/gender Interaction as seen from 
the data is also found to be pussling* At the same ttme* 
evidence suggests that the Interventions fbr the develop¬ 
ment of accelerated thinking favours boys in the age 
group 11 years to 1 ? years 

hastXy* the Plagotian schemes of thouidit are not 
easily amendable to influence* ''Hature first creates the 
material before it gives it a form”* enhood Boussean 
in the 17th Oentuiy* It Is true that the ourrent teaching 
routines do not alter the rate of intelleotual development. 




But a gain of 23 peroentlla points obtained in 20 
nonthe in the case of expexlntental olasaes suggests 
that the number of pupils showing fozmal thinking 
doubles for success in traditional sohool sdenoe and 
aathenatlos* !Co put in other words» it ought to be 
thenain objeotlYe of school to*'alter cogiitiye develop* 
nent rather than to adapt instructing to existing noimB"» 
Howe^eri for aohleylng substantial gains In oo^tlve 
gxowthi a lone tera p rod sot as part of ln<^sezyic6 
education is urgently required (0)* 

froblem flolving Methods i 

It is possible to simulate human behaviour. 
It is possible for oomputsrs to play chess* It la also 
pOBBlble to arrlTe at deoialons by computers and evaluate 
the same* The tern "Attifioial Intel 11 genoe" wae applied 
to some such efforts* A problem solver has to see thiough 
the task environment and represent the same for his own 
benefit in hie own ways* He then beoomes transfon&ed 
from task environment to problem epaoe after doing 
Qoneidexable work simulated thinking. Sdmon Htwell 
have suggested quite a few problem solving methods whloh 
oan be used both by hnman and oomputers. These are t 

(1) Trial and error 
(11) Hill dimbittg 
(iii) Means and anaXyeie 
(Iv) Sub goals and wo xklng backwards* 




(I) gfial & ^tto t H ethodfl * 

( 

In a va7i these are the veakeet uethodB. 
the methods have a place In prchlem calving eapeolall7 
whetii tdth the unlmovn probieay one makes Taxied reeponsee 
irlxlohi it recordedp can he evalnated* lExlal and error 
effort Ifi not* really epeaklngy blind In charaotere* If 
probed lUrtherp it turns out to be a trial and suooess 
effort by eTaluating the Tarlous possibilities in the 
direction of the solution• for examplet trying the Tarious 
heye for opening a look, 

(II) Hill Qllmblttg Hethod i 

Ketamorphieelly epeeklngi It means 
reaching the top of the hill» Tour view of the Soenario 
or the problematic situation changes as you go up the 
MU ori say I doim the till too* Onoe you are up* it 
differs from trleiX and error method in the sense that 
you are imti of the f$ret step you take whether you are 
going up or down* At the next stept you oan change your 
etrategy and so on* This teohnlaue Is used by physicians 
for detexnining the does for a patient suffering from a 
ehvcnlc disease* They start with a low dsmm and go on 
In creasing it in the light of new symptoms or the other 
way round* It may as wOLl happen that he may start with 
a minimum do set increase it to obtain a currc until tbs 
Patient gets worse* He still gets cured* Thust we can 
adjust the dose to suit the patient* s disease or ho may be 
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given a dose initially and wait for 2*3 days 
to Boe Ita BffefltB* Ha may repeat the same dose in 
a deereaslne manner at dlKermt intervals of time* 
in 0 ijB« one reaches the needed point which may not 
really he the Sttmmit/n.f the J^ll* 


(iii) Means Bnd dnalyele * 

It li B Wt BOr« aitaBoed thaB the llret 
tw> Bontlotted aHove. *aB tli. main netliod of pTObl» 
Wlrtag InooMOfatad la the til toow Computer Progrema 
aaaciLp "loglo theorlet" and •Sooeral pwW* eolTere'. , 
The fonder prograwt* eoold taeU-e problaoe poeed in ^ 
pjnboUe loglo and the oator thoao proMime whloh ooald \ 
1,rroproBmtod fojnally in tonaa of prohl« epaoo Being 
aeane^ond analyeie* ®o lUnetratot 

fhese are the two prohleae * 
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frogranmlng can provide nlo wbloii la almple abd 
4iiielc. the three metdxle oonatitote a eequenoe* She 
pxobl# iePXv'er mast have of coarse haohgxound knoid.edge 
to solve the problem* Only the ase of that kaowledge In 
nev vays leads to solution of the problem (9), 

(Iv) iSttbfflals and eorklng backyards 1 

let us see one of the variants of this last mentioned 
strategy* that is* sub^oals end working baokirard. It Is 
trying to solve the problem from the end to the givens* 

IB the veil known Denoer’ a tiamoun if it la the sub goal 
to weaken the rays (radiations)* the problem then Is how 
to aooonpliah it* So another subgoal is .set up to aohlswe 
this objective* go far Punoer* search for partial solutions 
is retrospeot possesses the oharaoter of a solution and 
that of a problsB in prospect* Vhen euoh efforts are 
smed up without evaluation in the first instsnoe* these 
oonstltute the extent of thought broujiit into the problematic 
situation* let ae now end thle discussion with a olasslc 
toy puszle where hill climbing* one of the pioblen solving 
strategleB falls completely* Idt us then try to use the 
nsatts^ends analysis* 

ItaiPlng with Projects 1 

fhers Is sn interesting project going en at the 
Mlranblka* Kothers International Scboolf How Delhi* It 
la based on Free Progress which Hothsr has defined as 




"Sdaoatilon ^Idad by the soaXd and not by predonoelTed 
td0ai'** younger children reodYe moot ot their 
edaoetlon thmugh p 3 x>ject work* Xt ie eppioaohed 
IntulttveiLy ae well as analytically and cyatanatloally* 
mile following three prlnolplea of teaching expreee the 
pblloeophy of aohool at the Kerlnblke* ICheae are i 

(I) nothing oan tanght* Xeaoher la not a 
hard teak neater but a helper and guide* He 
doeb not train pupil* a mind but abowa him how 
to perfect hla Inetzunenta of knowledge* 

( II ) Hind haa to be oonaulted in Ita own growth* 
Xt la he hlmaeXf who nuet be induced to expand 
In accordance with hla own nature* Srexyone baa 
aomething dirlnct aomethlng hla ownt a chance 

of perfeotlon and atrength In ho water enaXX a 
aphere which Ckid off era hin to take br refhae* 
i!he taak la to find lt« dateXop and use it» 

(III) Mucatlon la to work fron the near to the 
fart from that whloh la to that which ahiOJ. be* 

Let children react to i^t they read* Let 
then eypreaa aa freaXy aa they can* Vwo eight year old 
glxia I Ohlya end Hlra were working on the toplo of air* 
Xhey inoidently loam that ttahea alao need alrv How can 
Hehee breathe waa their dllnBna* He they ohoae the 
toplo "EXSH’t, 






Underwater Toga 



Tig* 9 It above tbe fl^re of tbe fleh 
ae drawn lay one of the pupile. 

The flab atanda on Ita bead tbe whole day 
oatohing woxiiBf while doing that it also doea yoga 
beoanee it atanda on ita bead* 

It ia a starting point. Further progreaa 
takea plaoe when the effort la made to find out for daya* 

In tkelr oaaei the learning prooeaa oonpilaoat infozmatiwnf 
aeslnilation and utiliaation* let ua oonaider another 
lUuatimtion where eight year olda fomuXate their own 
bonaflde (lueetlona# a sort of hxalnatoming at the start 
of the Indue Valley Prodeot, 
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QOttl of the Hivaiahika e^cpeilBieht Is worth 
eiQ)$iietiolhiS for it le an endleea tranefomilng experlenoe* 

% any ontelderi It appeare to he a mad houiae in the 
ahiiinoe of any planningi time tahle* dooumentation of 
aotivltloe and the usual paper work, lo oounteraet tl^ie 
InproBBlottf a reasonahle Integrated infomatlon system 
exists whloh refliots not only the happiness of the pupils 
tat those of teachers too (lt)» 

Another Iiogloal Sffort t 

Mias Phool Eaul inrestlgated epaoe eoneept 
a« veil as mental imagery and aohievement in geometry» preoleely 
epeaklngi polygons among the middle and seoondayy grade ^ 
pupilB of ftidlsh medium sohoole in her research finding 
brb to the approach of the study vhloh if employed may 
enhanee not oxay logical thinking but aleo achievement* aay* 

In ttathematiost 9 be sonstxuoted several tests mioh as 
topollgloal space# proyeotiY# spaoe# euelldean spacei 
ontlolpatoxy tranafoxnation of modifloatlonsi ilemints of 
polygon* properties of polygon* rations hetvean polygons 
and nensdration and construotlon of polygens* let us 
eonelder a fev tsst items from the Yarloaa tests prepared 
by the author. 

( 1 ) iEha topcloglQal apace teat «• 


^e fblloving is a aet of four fi^ires given 
as it 0 ft fi. Out of vhloh three are alike and one la not. 




Xou liaTe to Identify that figure and vvlte dom ita 
iddaX aXpi)>abet on the aneirer sheet*. 
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(2) the pro jeetlve/gpaoa teat « 

Xtt tha figure given bd.ov a flower pot Is 
kept at'P' In front of lifted leap* If the flower pot 
it shifted to position 'Q* that ie nearer to the soreen» 
will the shadow of the Hower pot on the soreen he s 

1) Oieller that its shadow at position 'P'» 

B) Sane as Its shadow at position >P'f 

C) larger than its shadow at position 'P'* 

B) There will he no shadow on the soreen* 





(5) Klne^iio antlelpatlon of piodaot i 


Select one of four figure which reaulte 
vheh the prohlen figure on the left I0 rotated through 
leo#. 



c 
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( 4 ) Kinetic anticipation of aodlfteatlonc 

S^eet one of the anever flguree which ahowe 
the fath traced when the edhare with dot la rotated In the 
direction ahown to fit Into the dotted flgire* 
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Sbere are eenr eral other teat Items of In ter eat. The 
teaoher should edmlnlater moh aelftmade Items to hie studente 
in the olaea* He should record the trequencea of vrong 
{piflwere end try to dlsoexn a pattern of errots* It le this 
pattern of errora vhloh should be tackled throng demonstration 
experimentation and other Indlrldual actltltlAs. Here the 
student 0 la being helped to aee the releranoe of his answer 
irlthln the context of the question raised. He can also draw 
flow diagrams for highlighting any oonoeptual dlstlnotlons. 
duoh efforts make the suib^eot matter aotlret for ezamplof 
use of aetlwe weihs« followed by response patteme of pupils, 
lime all cognitive leamingsiaooording to Professor Sitlllvani 
get Qovered without muoh fuss or confusion (12). 

(6) ittauptlng shadow atudles t 


Bxoeipt the dreaded sohool Inspeotlona 
of the past in this country and elsewhsre. the aystsmatlo 
observation of teachers* behaviour in his own classroom is 
of recent origin. The purpose of this srereiss is to 
nodlfy the behaviour of teachers towards the desirable 
educational ends, auoh studies which were very popular over 
the last twenty years or so are now on the decline. The 
underlying teaching techniques were those of interaction 
analysis. nlMM»»teaohingf behaviour Inventoiy and simulated 
teaching, list the oobblermend his own shoes, if so# it 
becomes a shadow study where the teacher worries about hla 
Various aotttltles in his own classroom such as t 

(1^ Hew to teach difficult concepts to the noisy 
children. 




(il) Boy ^ oontroX oopyln^Ct mms and oheatine; 

daidiig tmtnatldna? 

(ili) Bov yo dotomi&o Oho obaxaotorlotloo oi loanxovo f 

(if) Ibo dotootioa of dlfflwxtiot at th«ia arloo duilne 
tbo oouroo of ’toaohla^ 

(f) dndslag tho appiopviatoaoae of tb« ooateati 

(n) aov to haadXo pupil oapaoitleo for traaofexing 

fanotlOfioX knoifXodge and akllXo aoroao tho ourrlonXurn 7 

It la moro than aotlon rogoaroh. Ope hue to loam 
to iaproTo oaoaOXf on one< a iil3oe»atring» Only tve oenditlona 
aro neotaaaxy* Hrati^ he'aboaxa UaYe a haXpldX or eonfldent 
ooUia^t# vbo oooXd either ohaervaa or partlolpato in the 
Yiif teaohlng Xeamlng prooeaa aa a anhatltnta teaohor* Shnai 
ho la freed from adtnaX teaohing fOr ohaervlng what oonoemed 
hhi neat in the ooutrae of hia vor^ glnoe he eianinao anything 
ho de»ia it fiti the oonaa^nent eonatrainta are uolte nanageahXe* 
So lUaitratOf he oan atndy eonoema rOXating to Xangiage 
iBtiVBOtion aatong hia pnpiXa and teaohara too in hia ovn XodaX 
lotting^ notivatlonaX aotlvitlai and nao of inatraotionaX and 
iilttatratlTo materiaXp, SooondXyt he oen anaXyae hie 
ohiorrationai data and interpret the aane under hie Xooal 
Qoadltiotta thiaugh reoegniaed reaearoh taohnlquea auOh aa 
tlao aeiipXingt deviatioa* frequeney ooontlag and non^paraaetrie 
itatiatioaa» PnpiX oaaaea to he a aere roll nuaiher at aohooX 
hoeanae the teaoherjl aeea hlmaeXf in relation to the daaanda 
aadi on him hy the ourrloul^ Vhat aMt the pupil f Xa ha 
roaXly lotitatod to Xtaam at fi^woX under tiurett of falXnro 
id the none of ftaintenahoe of^ eduoatio«il atandarda 7 Bov to 




gl.f« him a aaoond ohanaa t Sha aAatrav la to aacanlna 
p»^oalaT Oaaaa anler partloolar olvoottataAOaa at tha 
ooot of gaioasallty* IBha ahadoa atady* thevaforet bltaaaa 
tbo taaalier diraotXy a&d tha papila lRdlreotly( • 

fldnoaot Kapplttg ahd tha 

CuyttfigfaPhy af Oagaltloii t 

fha traiia»aa3i3£ at thoai^a aa pYopoandad 
bjr &oatalt payahaioglatai Cfat»ahi ahd tha Vy^tOhlaaa 
viYo highly asaltlag anttYpriata* Vhoraaa tha fYaaavoTka 
VOYO roflaotOd ttpoRf tha haalo Idaaa aadaiayiag thw fYon 
Ohi fdttcatlaaal point of timt aara partially daroCLopad, 

Xt la glTtn to hnmaii mind natamlly to roaett obaaxvai 
ihalyat and iphthaalaa oheiarrationo aad| nay* to aPP^^ 
knoiAodge and raaaon oat things# At tha aana time* It 
alio plaoaa reatYlotlona on ItaOlf on its oan thinking# 
go a group oomprlaUag inaahol* lanak and Qoaln did oraditahla 
node on maanlngfhl laamlng for tha aatTina paxlod of 
aohoollng# It nan A sort ©f nata laai»l»« atratagy# So 
iUa strata | 


Sorth 


Vast 



Bast 





^p£«fa a A materi to tha 

laatf than 20 natars to the norths 21? natara to tha vaat 
i^d 20 natami to tha eouMu vhat la tha dlatanoa hatwaao 
tba atattlng point and tha XaAt point araaohad f 

Whan thla qnaatloa ia posad to tha young ohiXdran> 
thay fail to anawav it* Iha ahapiy aan up the dlaleneaa* 
fhla almpla axanpla ahoua ua to have a oloea look and 
lowtiny of their aozk on mapping and oartography of 
oe^tlon. 90 mapping Oan ha dafinad aa rapraaanting a 
»iiet of maaninga'* undar daralojmant* Xt tuna pareaidL to 
the QQi^tiTO da^elopment* If aOi it prorldoi a payohologioal 
itxuoturo to tha taaoblng of any aohool anhjaot* 90 naturally• 
it ia ralatod to oonmunioationi growth and raflaotlon o f 
knovladgo and daraXopmant of uadoretandlngi Xn mint a 
dodnitiro nap poeaaaaoa inmonao aammatirot intagratir# and 
gmamtirt power# ualng toola mnii aa oonoapt oiroliai# eonoapt 
aapa and diagrama whiOh art ahown halow i 
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I 

PHIWSOWY;; 

-y HfeQgl&g 
PL|)iA,l&i:i’o-i^. 

Ec-ologa 

PRlNClPLeS ; 

-'’Host |3»^tl5l:S ^ 

Ou/'i, /.ei:Ei-Cptvoj 3 ^ 

c^K-l-CLUi, c-AJct-o/sIq-sIs 
^ ^Coh^.CibiOviJ' is a 
to idevUnfy- 

S-fciiAfi, MJ.CfOCii^aM.SMS 

ReL^V^MT C 0NC&PT5 

T^c/vC'tA.wx^ Ioj^ j 
tiiC.)roav^CAM/iiM^j 
'^^jbjCC,^ ^ l>jeii sUdjL 

j prt»fei*b , \\ 

itMuijiltAi hGUvvLo/^, t 
yvy,iCJrtli\''JLJUx j 


VALUS claims 

-DtiAjCLtU^ hXztijc sJlrr^U' f^‘n\ 

^ (Lclkj. 6e ULrJjLoJH-Jtj. 

' R-NOK3LED6ie clai ms 
T^6/v^ Iry^JSju e.Gv/'tfLuU' d 
bf- ^hob's/^s Ou^ 

'^'C-K© S0M€. op 

3^£, X^Unvi i&tAj ■Kj 
-^-Uja/UJUa- t-Li/U^ . 

I 0M5 

ej- ©r^ctiM>MS 
Cl, /Cou , 

ODfci^ £3.6W- 

^ l f<jLdi 

1 oLtcu^Mjj^ oj: 
^t^Oamsms ) X-eCfc^ e^'^, 

6€XAXH>er 0^ 0>^a4‘UJWvU' 

'^C-©-iv^,©ft;eiv^ >v\JLCbJlA>€J'MjLKio^ 


i>|atGUJ 


Pe-Axf (OOLfeej* So-M^a^ 
MAOIci* 'Wu'C-^OlSC^H' 

nfri$ 




Xt idi thflii not dlffloolt to Impiovo tli« foxnation 
of waooptB thioafi^x »apo from tht praotjttlottox* i point of 
riw thoir ’bonetit in Any to day OXaooxoon toaolilng* 
latttMiy# Idio otadento ape going to bo tho bonofloiarioB 
i% too ooyo* namalyt inpnoved indorotandingo and that toe 
ooutoitaeXiy* SIhoy can aXoo otvongtbon their nndorotandlngo 
itt the ttolAal intorwlinkageo of tho Yarloao ooneopto nndor 
devAopaont at the oamo titno. f^r oranpXei yonng ohlidren 
oomlti; lotfl of infbxnation to noaoxy t naning the three 
femi gf vatort their exmIio» freeaing pointt bolliiig|point» 
diir peintf ooapomtion hoiling« Hor of irater from higher XoreX 
to Xoirer i«rteX» eoiventf voXnao of tmter# density of vateri 
lid anenolone hehavloar of nnter and eo onu Hoirorer» v« oan 
nlei the foXXorlng aneetione i 

(i) Xet no know the pXaooe or Xooationo whore yon 
find water* 

{iX\ Xet no know aXl the pe«id.hXe loaroee of water* 

(lli) het me know the different femi in vhiob yon have 
ieea water* 

(It) that happene when water i« heated ? 

(v) What happeng when eeitiiih water i« heated t 

(t&) Water la heillng in a kettle* How oan X get baek 
floae of the water f 

(tii) How dan i get bank water facm water rapeare t 

* ff 

(tlU) Wb ia fBlXing «b «»«•» m *to» **•*. ** i* 

fwer ]»*• Bi»t idU hasf «B to i* t 




Blaster 3iaRi—^ Ur$r ' 
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(lx) do«« naittv go ? 

(x) iAi«3p« aooi vator oose tmt It nino t 
(xl) Vbo pto^AOOfl natof t 

(xli) Itey 6 ow aot th« wtor eapply on oaspth oi^uot t 

(xtU) Vo bavo ioai oaovi doir and log oto, We baTo mthoro 
' vhlob tvi rm da?y oy y«xy v«t» Ml aa hov do on It 
all bappon ? 

OhiXdm^a Idoaa oen bo plottod d0ioi» dyaduolly 
oaa bo intodnood'^to the «oi«tlfliii igpXoaatioii of tbo 
Bitifal pbononona Hoy vUob appyopxlati ixplo&atlon it not 
diftiooii; to dorelopi i0ing oaaHy aYaUablo loool oipoiionoit 
BBd oq^ulment* dhildrott bavo tboly ovn bouMo of tipozionooo 
i0d oxplonttioiiow foaoboyg ton IntoxiroRMaoflOioMly on 
if It oxioto and la oartondod^ 




Hgi 17 X% aiaoiTB $t paplXg it miiii 

i«ga vbo ataav (PriWMl iiQplaiitiiaii 

3!h0 ^aiatioi i« vbit ia it that takaa It 

AaHc at light)« iftiflalaXiii aiiiti am a f$xf irlda 
me§, at aX hta tauaad tM tha daraXapiait 

ai aanaapt aaftaxi a hasp affaati 



jt i« to dord^op noanlngfoX loftxnlie 

ailng dlTorao expexlonoiiii toohnlqnoo of toaohing^ vo^od 
t«o)ttil4iiioo of toaolilng oad aatool dlBOaoaloQo atid dialogaot 
in olaaoioonii and outolda» Inflaeuooing popll aoUloTeaoot 
th« deoi not main a aoKloua pxoUta ag it 1 b nado oat 
to ta But it do OB axlot aad oaA Bt taolded tbmclL eonoopt 
Bopplttg* liaBtly» It iB fair oonmoat by tbo noykoya wboa 
thar m > 


(aappln^ la not *naglo onm 
of aaglo ballot* * It it ol bo not a 'qolelcfla' • 
OonotiuotloB of neaning 1b not oaiy to aeblo^o 
but oognltlto napping lo reify bBlpfttl* Xn faot 
It pxonlBOB a ^nantoB loap*** In Impnorlng tbo 
quality of leamlng and odaoatiea (1f^ 

Oonoladlng atataaent i 

tre baro aentlonod fxon tbo anwey of tho relorant 
Xttfxatnin praotloal otiratigloB fm tho dBOodopnintBl point of ; 
riiv ley the adaoatlon of obildm* fbolr nontal dooolofnent 
need not bo Ignoifod* Ifby f foaoblng 1 b not ponplng oontont 
late boadBt and ananlnatlon popping eat of tbo mo at tbo 
appointed day and boan fbo oontont nait bo omnlood Into 
neanlngfal aboloo* Xn tbolr ooakor Plagotf lygotdkyi Bynnor 
end AttiBbol bar# talbod of aoidnllation tomo aoomodationi 
mbo of pMUnoi doTAopnontt loafolng by aoooroay and adranot 
organifloPi* fboly Idaaa oan bo loym Into tbo toaoblng looming 
pxoeeot to a Tafying ontint* Boatalt poyobology baa talbod of 
Botlaaly "fanotionol flxodnoao^ bat alao of pmotodlng 
ergealoally xatboy tbin noobabloaily in d«y to day toaoblng* 






Ihf leavnlng th«OTiea of ^ohavloaxln roforrod to 
QpnAltionjlng and roinfoxelng. iXl la oaffKilaat 
to ooBfdaa tha ordtaariXy baay t^aaaxooa toaohejv 8b 
i wr oat fbp the taaohox> la to atart f^a tha Hrat 
ptiAolyloo in tila oXaaafObn teaohlng and yelata moroa# 
later ont to the adnoatlonai oonatmota aa m<aittona& 
above* Hare# the flrat re^aimant la t)aat re begin 
ehera tbe ehiXdra are and not yhere we are* Heoondlyi 
oonoepta do not daveXop in a Taoaun* ^ey feed on dlroree 
•xpexleneea and, Xater on, interpret then, fhOlr applioatlon 
theo la not far avay« Xt la aaid that the great Oaman 
■elontlet HakaXe naad to rtoommand to hla atadant ( 

'^oyei eXadp with tho probXen and Xaam to droan", 
"Tear problem la more likely to be eoltod**, 

Va follow thia aaggaatlon, wa alao follow tho varloua 
beniiatloa of problem a(>lvlng (see the ohaptora on tblnldAg 
and problem)* Pa wa then arrive at the aolvlng anda of tha 
pzoblwa f '|ha anawar la obtioaoly a big • lEtth 
oxooptlon hare and tharai mind hae to do ita own hema work* 

It haa to be tminad in problem aolvlng, While training It# 
ita natural growth of maatory ovor environment hat to bo 
andareteod under dlvaraa polltiual and aoeio«-ooononl6 
oondltion. Bara Plagat ahowa *a* and not ‘tho* only way, 
bet ua find thw T Khan auoaaiafhl, tha aooalemtlon of 
thought oaaaaa to bo tha aort of problan aa tha inarloaft* 
peyohologiata and taaohara hare made it to be* 










1 


\ 


into 

gsjHii Haiitoi 


pnjji; T»l4jr» 




I 




DdviAg 

lato 

i 

SgiMW WXMtloB 


KfdtJi. T«uyi 



I 


C 






'aama, eertatn dlfflcAtlcs have orapped ifi bMauat 
ve «• »imiltane«Bl3r writing on s««al ol 11» dtoensiong, 
titw« bslng pMlogophlcalt psyehologleal, soelologistlf 
aggilrlcnl and looia« Hot ean all those (UaenBloos plok 
and Interpret the hl^y verted oontente ol natural 

to ahlldren who dUKer v«y widely in Intelligenee 
and live under diverse soeteiHiiioBflBlo eirwaatanoea t» 

At honsf we have had a try with "Basle adaoatloa* under 
the of oar K.'OaaJhl with leoal envlronnent 

as its haae.' Ihia entire stcafy ii lohg hat t3» feet 
la that ellerti hava ba« Bade te huprove selanse 


the eonlepte o^ rtilldr«"B »lnds» (paa-aiweft teasnang 
developing aou) le»neiiya lafilry sitlUsj we ed Ul* 




r?iFf 


iTTtl 

4 <p] 


llii 

I 

■ 

1 : 






1 

i 

M 

■I 


1 

Hi 







ESiEr.i 







fmi* Xrwiii SlesJiiote and Professor Susan teorntoJip 
imn seianee consultants attaohid to tha Haglonal 
C^aga o£ Moatloni Aijm&r in tha Md sixtias. w» 
nava hsd 0thar esqi^srinantal pro^antsi *Sk9 BosMngatad 
Soiama ifaaoixins Fro^aot in Madt^a Fradash$ and tha 
Individually Apoaldrated SGlenaa fmx&L&p sducatUn 
Fro^Jaat at tha Saglonal OOUege &£ Bluoation» Btn^al 
and Ajaav in tha savantiaa# 

Vft }iav« had our an«e*gatlo solutions idu»sa 
transfar eiforts aoross othar ashools irart not as nuah 
va had as^aetad# paradoxloally anoU|^ iaaility rathar 
than naoaislty aaaaad to ht tha moth^ of invantloii^ 

Our irraduoihlt demain of vorh srosa out of savaral 
dlnansions to tha anarging fiald of solenoa adnoation 
»&lch naad t© ho flnaly handlad W th# ioaginativo Blinds,^! 
Rivolution in aoiando tod«hift« of tho lato ilftiaa hm 
providad m ai^la i®»p®rtuiiitlas to woaf3t aftAoiantly 
in soiaaoo aduoatlonu’ to oa» 
about tho nature yuipoot# fuaatlona and llaiitatlMi 
of solanoo aduoatiott in a wMor t«bat la at 

stiho is tho ijuality of lifs aiiith la aHfein tho r a al o s 
of possDiility hoionao of fopdf dool^ odgad 









Uncovering the Truth 
about 

Galleo Galilei 

... the fame of this outstanding genius rests 

BOBtly on discoveries he never made, and on feats he never 
pBrfofined* Contrary to statements in even recent outlines 

of science/ he did not invent the telescope, nor the 
alcroscope, nor the thermometer, nor the pendulum clock. 
Be did not discover the law of interiaj nor the p'aralleogram 
of forces or motions; nor - the sun spots. He made no 

contributiion to theoretical astronomy; he did not throw 
down weights from thhe leaning tower of Pisa and did not 
prove the truth of the Copernican system. He was not 
tortured bythe inquisition; did not anguish in its dunglons, 
did not say 'epper si muove and he was not a martyr of 
science (1). 

A Koestler 
in 

Sleep Walkers 
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Idtroduction 

is difficult to define science. It is 

ation which speaks more to the mind than to the body. 

alatotically speaking, it emerged from our perceptions about 

the world, myth, magic, folklore and finally, through 

1 Tt was earlier a part of philosophy .from which 

religion. J-o 

It „p«atea itself in the 17th century In the «eke of 

the moment, its close cousins are? 

renaissance. 

nllglon, stt, poetry, law ana technology. A» it 

progteasea, it aoes not aiacover any ultlmet. truths. On 
the other hena, it simply finaa better approximations to 
troth. It is in the nature of acience that Its veralct 
i, never final which, in other • wcras, means that scientific 
hnovleag. is provlsionel in character. Its persaiglm (frame- 
,ork) moves forwera while Xooklng beckwora. Onllke history, 

It eats up its own past. It flourishes on 

nlsunasrstanaings, nay, it is mors romantic than usual when 
It face, a crisis chaos. it is a poor sppreelation of 
.ounce when It is equated with the slogan such as that 
.ounce is doing. In fact, it does a better Job than trial 
«na error. Whiel trying to grasp ite underlying nature, 
ve muet not only understand scientific ignorance b 
ecUntlflc error. the scientist works at the close edges 
of observation, hypothseis and technique. It is 

a a . • a 2 




to be confused with engineering and technology, for 
example/ the sputnik of 1956 was a technical rather than 
a scientific achievement as the latter was made out to be 
then. Similarlyi inventor is not a scientist too. Of 
course f he mades use of science and technology to suit his 
fancy. Following the same argument and if one goes deep/ 
pencillin is not science. See thus/ there Is a distinct 
difference between religion and the cathedral. In the 17th- 
16th century/ Samuel Johnson was quite critical when he set 
out to anatomize the idler. he defined him as a person who/ 
while pretending to be busy# achieves nothing in his life. 
He included in this category both biologists and 
meteorologists. The former spent his time in collecting 
files and the latter/ recorded the changes in wind and died 
fullyconvinced that the wind is changeable. 

According to ERIC Ashby/ the first industrial 
revolution in England was shaped by hard heads and clever 
fingers. L. Pasteur was must more forthright whan he 
commented hardshly on the poor cultivation of sclecs in 
France. Why is it that Franc© does not find an outstanding 
scientist in the times of crisis 7 Ha cannot even grant 
a petty sum of 50 cants for supporting experimental work 
of his fellow sclentistss. According to him# anycountry 
which, strictly speaking, sopports applied scisnces is 
doomed to failure. Why 7 According to him/ one need not 
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cverbother about the fruit at the coat of tree from where 
it atems. m other words/ it means that the acientiata 
needs a differet kind of attention. Despite there 
UBltations, man, apart trom aatiafylng hla phyalcal 
neada of food, ahelter and clothing, devalopad hla mind 
to aatlafy hla corioalty. Even In the diatant peat. It 
,.e the function of ecienc. (phyloaophy) to aim at the 
cnderatanding of things and «ontemplatlon of truth. 

» life dedicated to the study of sclsnc. or glory of 
heavens wee regarded a life of happiness. ■Blessed Is 
ha. ' said Euphrldea, 'who has aocapted the 


rasponslblllty of seeking knowledge, accepting in the 
process, contemplation, on the ageless order of deathless 


how It can to be formed. Its manner and 


nature .. how it can co --- ' — 

Its way • (Oromhie, 19«3). .<iually<=«*®“» 

Of riddles, for eaample, 'Bow many time, the length of 

Its lege does a flea jump-P ha ‘t progressed. It f«S 

on Its decay tor it is the business of science to go 

, « w,hsein.at-l This erratic act la aubiect 

wrong ( J-R- Oppenheimer). in*-® 

.n facta and concept* which 

to self corection# and provldea 

stsrengthen each other when put to teet to seek further 

clarifications. This pha.e of eclenoe tom. oot to It. 

« \ It la neoaaawjy 

creative aspect (Jacob Bra • 

‘‘ d ^ i-his stage tbhat Scientitflo Kethod# by 

point out at this stage » 

. MtMse for it baa to *iaaise 

itself/ dobs not conatitote 


*: i 

'4^ 





US6 of 3 third type of statement by which the language 
of the abstract principles can be translated into the 
language of observation' (Philip Frank). Therefore/ the 
^highest court of appeal in science Is not the individual 
but the book of Nature. 

Man mastered nature gradually and was feared by 
those who did not possess such mastery/ animals included, 
he snatched curious knowledge from nature/ speculated 
on it and put it to further testa and applications. In 
this game/ he began to acquire magical powers. Even in 
this ecouter/ he did not hesitate to develop possltive 
attitudes towards life and began to reflect over the 
glory of the distant galaxies in the heavens* A person 
interested in this exciting enterprise became more 
important than his own physiical parents. And we in this 
country still suffer from the hang over of the age old 
concept of "Guru”. The Bible asked Christians to be 
'masters rather than servants lof creation/* a faith 
which gave a shot into the arm of Western science and 
engineering* Mohammed made it compuslory for every Huslim 
to acquire knowledge for it was his sacred duty* 'Read 

in the Name of God. who teaches man to write with 

pen who teaches roan things he knew not*' The 
Buperiorityof one Muslim over another lay In possession 
of more virtue and knowledge than power of the sword/ 
strictly speaking (Arasteh/ 1966)* Jabiri influenced 





by the Brethren of Purity, advocated the use of 
experimental method in the development of natural 
knowledge (philosophy). it Is now learnt that scientific 
, experimentation does not Invariably lead to clear cut 
results. Scientific evidence, even when collected 

painfully as well as objectively, does not yield 
solutions which become immediately acceptable. These 
solutions have to fight for their survival. 
Consequently, failure In science is not a rare event. 
It is not contingent upon workers to put the same 
question, same hypotheses and follow the same leads In 
scientific investigations. It Is only then the various 
paths begin to meet and present tentative view of rallty. 
How ? Science pushes doubt as far away as possible* 

It attempts to eliminate inconsistencies, diversity of 
opinion, inconclusiveness of common sense and finally, 
logical uncertainlty and absurdity* Science is more than 
tbsted commom sense. In fact, relativity and quantum 
mechanics rang the death knell of common sense, for 
example, Heisenberg's uncertainty principle. Iiastly, 

science comprises a series of small steps, one leading 
to the other, and finally, a step to thelarge and larger 
vision. 
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5he definition of Science 

It took centuries for science to separate itself 
, mother knowledge (philosophy) before the 

'.jpedmental tribunal of aclenca was born In the 

...enteanth century. Than followed Immediately 

lerolutiona in mechanics, chemistry and biology in 
wccesslon. Bight from the beginning of the 20th 

century, scientific knowledge began to double itself afte 
■very ten years. philosophers, scientists , mean of 
public affairs land even laymen too have reacted to the 
form, content, direction and destination of science. 

It is a powerful giant which needs to be tamed. 
Otherwise, it threatens to eliminate the entire mankind 
itself from our earth. Several thinkers like J.l. Jahru, 
«,tre weaver, Paul Weiss, J.B. Couant, F. Fitzpatrick, 
J.W.W. Sullivan, hlbert Einstein, W.J. Jacobson, Cedric 
Griggs and Percy Bridgman have defined science in one 
way or another from their respective points of view. 
The writer also carried out this e.ercise and came with 
the following observations which encompass almost 
that has been said about the natures, spirit and s«pe 
of science,- The phrase like definitions of 

(2) lwAlBP“l*«»lne»e 


1) Magicr trick 
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(5) a proauctlve 
and profici¬ 
ent cow 


(6) economic 
growth 


|8)Not phenomenon(9) knowledge and 
but waysr ex- understanding 
plaafctions and 
speculations 

(11)Pursuit of Cl2)Topography of 
evasive truth ignoaance 


(14)way of living (15)Inquiry:stable 
or thinking and fluid 

(17)puzzle solving(lB)ordered technique 

as well as ratio¬ 
nalized mythology 


j 4 ) a thing of the 
highest glory 

( 7 ) a classified 
common sense 


(lO)Pursuit- of know 
ledge for its 
own sake 

{13)mixture of fact 
and fiction 

(16)Core and 
front liee 


(19)systematic inter¬ 
pretation of 
nature into a 
frame-work of law 

(22)observatlonf 
exploration; 
experimentation 
and Investigating 
along with its 
functions viz. 
control and 
comprehensions. 

(25) Verification 


(28)experience in 
search of 
meaning 


(20)everyday 
common 
experiences 


(23)asking 

appropriate 

questions 


(26)forming and 
testing of 
hypotheses 
against observ¬ 
ed facts 


(ZDdiscovery of 

general principles 


(24)organized; 

systematized; 
matelaal know- 
Ivdge- deducible 
from a limited 
number of 
principles 


l27)discovery of 

causal ayBtem(s) 


(29) developing con- (30) in aMlttflUi 
cepts that make predectlve 
observations 
coherent and 
logical. 

Such phrases do not lead anyone anywhere. It is as well 
8 tool of economic growth. It is a speculative 


a « «> • 
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jnWtprise: static as well as dynamic. It is neither 
gadgetry nor technology. it Is a process rather than 
j product. According to W. Pauli, the "aim of science 
teaching ia not the acquisition of Information but to 
attain the understanding of the relationship which 
connects the answer to the problem". 


I Ita critical appraisal 


Let 

us 

now reflect over 

the above mentioned 

definitions 

of 

scienc. 

It becomes quite 

evident on 

reflection 

that 

it has 

proved a 

difficult 

exercise to 

search for 

a 

single 

ominibus 

definition 

of science 


either in a single key statement or a series of such 
etatements. It appears to share its fate with the 

definition of Intelligence# a suspect entity now# after 
the psychologists have worked too much to dig it out. 

In a science and technology weighted society# it appeas 
to be as vast as life. In this wide frammework# it is 

not possible to define science because it is not an 
Isolated subject or even subjects having a well defined 
face# say# like that of a chemical crystal. Cumulatively 
speaking# or right throughout its historical development# 
It did have neither a biginning nor is it likely to have 
s terminal point. It tends to take the character If an 

intervening theme where scientists have to define their 

terms as clearly as possible. Secondly# there are 
several aspects of it which intermingle with each other 
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Indlstinguishably • Like hiatoifical dates places and 

figures < science is not merely a body of hard and 
fltubborn facts. Both then devalue history and science 
^oneeputally. It is a mixture of facta and unfaets which 
necessarily and invariably are seen selectively. It is 
also not merely a body of concepts and principles alone 
because there is no sanctity about the fundamental ideas 
of science. The more they are exploded/ better is the 
resulting scientific body of knowledge. For example i 

the beloved atom of the Greek philosopher/ Democritus 
or for that matter still earlier that of saint Kanad is 
now no longer at the base of our universe. Further/ 
little is known about the psychological formation ^ of 
the basic notions in science. Facts concepts and skills 
take the scientists to the frontiers of knowledge but 
the latter are pushed back only by the scientific 
methodology. It is also not commonsense/ classified or 
otherwise/ because it can conflict with tested knowledge. 
The Theory of Relativity as propounded by Einstein goes 
interestingly far enough in contradicting almost all our 
common sense ideas held about this world as seen in the 
poetic fancy below. 

There was a young girl called Miss Bright who 
could travel much faster than light. She departed one 
in an ^Einsteinlan way/ and came back on the previous 

night. 

\ 

\ 
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Secondly / it will be a miserly and poorly 
appreciation of science if it is identified with up-to- 
dateness # modern!ty* progress/ health/ happiness/ 
leisure/ Beecham's powder# engineering# technology and 
even economic development as now-a-days# strictly 
Bpeaking# conceived in the developing countries. In the 
elcro-vorld/ decision making elements in scientific 
Biethods# that is# thenature of inductive inference has 
become questionable because of the Intrusion of 
probability and chance# This has . resulted in not 
getting a clear verdict either way on the truthfulness 
or falsehood of a partdicular hyupothesis under test 
especially when it happens to be partly true meaning 
'thereby that it would become more nearlyso with the 
adjunction of further hypotheses'. To put in other 
words# it means that the yound bride of the twentieth 
century can only talk about the chances of her marriage 
on a particular day in contrast to her counterpart who 
could announce the same with absolute certainty in the 
nineteenth century. In addition# it is also necessary 
to translate the language of abstract principles into 
the language of observation using linguistic analysis 
according to Philip Frank. What then exactly is the role 
of science ? its role or function is providing an 
intellectually and aesthetically" satisfying experiencs 
in the pursuit of knowledge? and for its prsctitiswitfar/ 
Its spirit is free enquiry •>*•» no s sored to 




and proofs respect for mathematical arguments jand 
logical proofs including statistical reasoning# suspended 
;}udgsn<sntf acceptance of warranted conclusions and 
vlllingness to change one's opinion In the light of new 
flvldence are the ferments which characterize the 
scientific enterprise. 


What is science then ? It is puzzle*‘Solvlng or 
an exercise at abstracting and raabstracting knowledge 
and skills with a view to approach and understand the 
unknown. This is done through diverse ways which embrace 
in one form or another the so-called steps in scientific 
methods* observation/ problem survey/ formulating and 
reformulating problems/ setting up hypothesis and control 
experiments/ suggesting ,plausible explanations on the 
basis of evidence collected/ finding exceptions/ 
developing# using and refining concepts/ mathematlxation 
of arguments and their application to dig new knowledge. 

' finding pinciples and laws/ and laatly developing 
relevant theories which influence our global out-look* 


interestingly enough/ it is an international 
activity/ least confined to national frontiers. 
Incidentally, accidentally and Intentionally (thtongh 
research and development followed by the coawsrclal 
exploitation of scientific discoveries)/ it strengtbsns 
national economies/ creates new rssrmrcss, accslsretss 
: employment and attempts to buUd gicWl omtlook on 
problems which eMsct ttm swS his smcisty* ^ **»• 
timer it is double-edgsdi it can Si 
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5 he puzzling ways o£ science. 

It is the aim of science to conttol and 

co.pt.t..na enviroment. She .clentlste try hard -ta find 

tenw in environment by developing concepts and 

a„islng techniques which ultimately constitute the 

,y.l.«.tl«d body of knowledge called its core science. 

,l,„e ideas or concepts do not strike the scientist 

,11 at one go but have to be developed by them over the 

,Mrs. This becomes cumulative aspect of science. In 

th, progress of science, scientists question the current 

established body of knowledge at its weakest points, 

encounter anomalies and in the prockess, either suggest 

new subsidiary hypotheses to the same phenomena 

alter the known concept radically to suit 

evidence. They thus explain the past evidence more 

smaningfully and relevantly. Sometimes, it is Just the 

case that they keep the count iof anomalies separately 

which ramsln recognised without solution for several 

decades and in some cases several centuries (frunt line 

aclence). -It takes time in science tor the new evidence 

k. itself inthe existing body of 

or concept to establish icseAi. 

knowledge. There is thus dogmatism in science but the 

very change, nay, the endless change or the ever 

nfc its very heart. 

continual transforroationd remain 

4 «i-civ>action between the core 
Why ? There is a continuous interaction 

aclence and the front line aclence. the fosmer i. a w.l 
..tabllshed body of scientific knowledge which, 
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Let us now illustrate with the help of the 
following example/ the puzzling ways of science and their 
pursuit passionately by the scientists/ drawn from the 
history of science. 

(a) Niepce Nicephore/ a retired officer from 
the French army was interested in chemical 
experimentation. He believed strongly that light could 
produce pictures of reality if allowed to fall on certain 
chemicals. He was not the first person to hit upon this 

idea. Earlier Leonardo da Vinci had designed a pin hale 

camera. A little later/ a German monk had put a lens 
In the hole and produced sharp images. Niepce Nicephore 
was not satisfied with thesd pictures ifor he failed to 
I preserve them. he searched for some materials sensitive 

to light which when exposed became insoluble in vegetable 

oils. Through hits arid trials/ he got hold of asphalt 
but the whole process ,,of obtaining a picture on it was 
a very tedious job. He/ therefore/ searched for new 
naterials and considered iodine-silver as a successful 
base for asphalt coating. Be had little knowledge of 
chemical and so he could not imagine/ that ha could now 
dispense with asphalt altogether. Ae was a sarcher and 
■pent twenty hard years on this complex enterprise. By 
chance/ he now came to know Jacques Mande Oagoorre who 
already working on this problem* In 1825/ it is of. 
interest to mention that his wife asked a well-known 
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chemist named Jean Baptise Dumas whether her husband was 
nad or not in this hunt of the proverbial goose. Both 
collaborated and obtained positive pictures but the 
progress on the patient road to diacoverywas little. 
Niepce Nicephore died and Daguerre perserved alone. In 
1837f he ff und that his spoiled plates# whan placed in 
a cupboard jfor a couple of weelcs, on washing for re-use 
had produced beautiful positive pictures. He was 
wonderstruck and again repeated this happening. Again 
he got pictures. he did not believe in miracles but 
in chemical means. He searched his cupboard in vain but 
failed to find any causal agent. he took a magnifying 

lens and found a few drops of mercury in the tiny 
fissures of the cupboard. he had moment of his insight# 
that is# the vapour of mercury had done the trick, 
he tested this hypothesis by placing platea in the 
atmosphere of mercury vapour in the dark rooms. 
Hagically# the picture ccame on the screen. Photography 
was thus born. Notre Dame stepped down majestically on 
the plate very faithfully to be carried home by anybody 
(5), There were some enemies as well# particularly 
speaking, Daumier. Baudelalr went a step further and 


declaredI 


These are deplorable days in Which a new 

industry contributes to the“ 

of stupidity and to the 

all that has remained divine in the 

spirit of France (6)* 
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(b) It is always preferable in science to 
provide an explantion as well as to calculate a result ^ 

howevs/ wrong the two may be. They Prrovide paths in 

a pathless territory. If the two turn outto be wrongs 
these can be rectified or left altogether. Let us ask 
a simple question. Why does the flame soar up ? hnd, 
why does the stone fall down? Why does gravity act that 
way 7 What ought to be explantion when the concept of 
gravity is not known ? According to the Sroeks; it is 

the habit of the flame to go up. Similarly/ it is also 

the habit of the stone to fall down or roll down. Every 

school going student smiles at this explanation today. 
He should not be surprised that two thousand years were 

to roll before Newton explained . the phenomenon of 

gravitation. They did suggest that stones sink because 
of their earthyform of matter/ while/ say/ wood floated 
because it had water and air in it. Morever/ trees and 

plants grow in soil and so/ earth must be an important 
constituent of them all. On burning/ the same sort of 
fire comes out of them all. Naturally/ they must all 
have ’fire' in their composition. What would be our 
explanation today of this phenomenon when, sayi we are 
caught in a thunderstorm without any shelter 7 Was then 
the old theory so wide off the mark 7(7). 
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(c) Thore is hardly a field of work as 

interesting as science. Magnus Pyke in his book: 
"Nothing Science" makes certain significant 

observations. Science is much more than knowing that acid 
turns blue litmus red and, in turn, alkali turns it blue. 
Or, there is hydrogen sulphide in he air .when rotton 
eggs are there nearby. Chinese invested tne mariner's 
compass but it was used by the West for steering ships 
on the sea. They also mae crackers for rejoicinng at 


the festivals but it was again in the West that gun 

powder was used in war as a matter of public policy. 

Malthus was wrong in stating his law because he did not 

expect the atarvving population to develop foresight. 

When given a choice, rata are in a position to select 

balanced nutrition for themselves. It is possible to 

grow rata as big a children on right lavish nutrition 

but that does not increase their longevity. In fact, 

it depends upon alternative periods of plenty and 

deprlvattion in their early life- According to V.M. flolt, 

cheea mites are freely eaten by many persons as part of 

the cheese. If so, what is the objection like if cabbage 

wrorms are eaten too ? Not long ago, a dietary survey 

among otomi tribes in Mexico showed that the people had 

higher nutritional content than the corresponding group 

Of Americans settled nearby. They ate none of the foods 

known to the Americans. They, on the other hand, 

depended upon plgwood, sow thistles, cactus fruit, 

. ■* *20 
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termites# caterpillars/ locusts and other insects. The 
lesson to learn is that man snould eat as widely as 

possible. (8) • 

(fl) What happens when one fails to achieve the 
main goal but# instead achieves something remarkably more 
than which was not sought. The case in point is that of 
alchemy/ frenzied alchemy which gripped the world for 
more than seventeen centuries. The problem was hrw to 
change an inferior metal into gold. Even the Eoger Bacon 
of Oxford tried hard to tackle this problem. Bernord 
Treviean died In vain in 1490. Even the world kown 
scientists: Newton was not an exception. Robert Boyle/ 

I 

the president of the Royal Society of England/ approached 
the parliament for a legislative measure successfully. 
Thus alchemybecame a respectable activity. Francis Bacon 
compared this effort to the Intense and exciting activity 
of the lazy sons of a wise farmer who# just before his 
dealth/ asked them to obtain gold hidden somewhere 
bydigging deep the vine yard.. Result was a rich 
harvest. Whereas the alchemists failed to synthesize 
gold; they gave us several industrial and other products 
such: 

(i) Acids (nitric acid, sulphuric acidi hydrochloric 
sold and aqua regia (a power solvent for gold)* 
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jji) Elements like: arsenic# antimony# bismuth and 
phosphorus. 

(iii) Common chemicals (alum# borax# ether# plater of 
pans# red lead# silver salts and borlura sulphide which 
glowed i-i dark after exposure to sun li-ght. 

(iv) Apparatus and utensils for the chemists flask# 
retort# water bath and balance. 

Discovery of techniques# say# for the preparation 
o£ caustic alkali from the ashes of plants and extraction 
of gold by amalgamation with mercury etc. 

There were other powerful myths and beliefs too 
which had a long history. Paracalaua fought against such 
vested interests and commented harshly by calling such 
unreflective authorities as "misbegotten crew of approved 
aaaes*. 

It was a case of blind groping which paid rich 
dividentc (9). 

(a) Every school student knows that a freely 
suspended magnet points towards Sorth and South* 
curious student or a serious sci^tists goes ep 

further by asking himself* 1* ceallf true 
find out I George Grahm# a famous l^ndon Clock 
asked himself this question. In seekitt^ snswer to this 
question# he was very wash troubled by the trsifio 
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which affected his observations. in the process of 

experimentation/ he had to design a mirror and metre 

arrangement for making his observations very sensitive. 
Kr found that the magnet does move by a small angle. 
Michael ^'araday was also curious about this phenomenon 
who attributed this amll deflection to the slightly 
magnetic property of Oxygen. Lord Kelvin found that the 
magnetic variation occurs during daytime only and 
attributed this phenomenon to sun's magnetlam* Others 
put several ther hypothesea. Bmalfour examined these 
hypotheses critically one byone and after eliminating 
ail except one came to the conclusion that the cause of 
magnetic variation during the day time lay in 'hocixontal 
electric current flowing during the day in upper 
atmosphere*. No crucial test to teat this hypothesis vaa 
available then. Later on# part of the evidence was 

provided by Lord Appleton who showed that the upper 
atmosphere behaved like an electrical conductor whose 

conductivity, ilke the daily variation of earth's 
magnetiam, varied with sun spot activity in the sun. Hot 
long ago, American scientists sent rochets in the upper 
atmosphere; and deflection in magnetometer showed the 

lexistenee of ionised gas about sixty miles stMav* ths 

I 

Iground, Thus the grant hypothesis bscams a thsory UO). 
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(f) The che*inists had analysed several Inorganic 

gasesf studies them and propounded the atomic theory. 
Whan it came to the analysis of! organic compounds/ they 
found that their basic concepts so relevant to Inorganic 
chairistiyy failed sc miaorably when applied to organic 
substances. For example# two organic substances / ethyl 

eicohol and dimethyl ether# had exactly the same chemical 
coropositlon (two carbon atoms; one oxygen atom and six 
hydrogon atoms) but different properties; that la# one 
is i gas and the other a liquid. Why this anomaly 7 
Serzeliua then propounded that the Chemistry of Living 
'liiings awas something different which had Its own subtle 
rules. In his opinion (firmly held and shared by many 
chemists of the day as well)/ only living bodies could 
produce organic compounds. In 1826; FrledrlcJt Woehler 
prepared an organic substance in the laboratory byheating 
ammonium cyanate. It/ on further testing; turned out 
to ba Ureg; a coiRponent of Urine. It was imposelble/ 

according to the tenets of Berzellius because human 
kidney was necessaary in the manufacture of Urine* 

Woehler repeated this experiment a number of times before 
he made his discovery public. Interestingly enough; 
Berzellius and other well-Known chemists of the day 
refused to trust this discovery. But more conflrwing 
evidence from other chemists poured in. IBhtis eaaie laws 
applied both to Inorgalb snd ohemistry. Only the 
configuration of atoms was different CH)* 


-i . * 
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(g) Take another example. John Logie Baird, 
born in Scotland in 1888, wanted to attempt something 
l,ig in life. During his childhood, he was interested 

jn technical things. His telephone wires badly 

ijiconvsnienced a coach man for which he was strictly 
forbidden byhis father not to carry on any more 
excursions into the electro-technical field. He obtained 
a degree in physics and electricity. Due jtohis bad 

nealth, he could not continue on a job and, therefore, 

started business which was again a fruitless adventure. 
He Bold socks, Oamo boot polish, jam, J^uotralian honey, 
coir fibre duet and French soap. Now he had two options 
left, namely, tinkering with razor blade and television. 
He was advised the former but he chose the latter. As 
already mentioned, ha had bad health and on top of it, 
had bad financial condition bordering on starvation, 
he had little chance of success in this venture for the 

theoretical solution of the television waas known for 

the last forty years. The whole scientific community 
talked of insuperable difficulties to be mastered but 
Baaird did the trick. He carried on this self-imposed 
i:ask. Consider, what did he do ? 

Baird's wash-stand became the base of 
the whole apparatus. It was joined by 
an old tea-chest I purchased for a few 
pennies, as a ataod for .the eXectromctor 

, ' - ) ’.'i "SI, ' ' ' 
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which the impecunious inventor had found 
on a heap of jumble behind an 
electrician's ahopi and which was 
assigned the job of turning the scanning 
discy cut out of a piece of card board. 
An empty biscuit tin was to house the 
projection lamp/ with lenses at 4 d, each 
from a bide shop. Further ingredients 
were jparts of a 'disabled' military 
wireless telegraph/ some darning needles# 
a couple of torch batteries# some old 
scrap timber .... all held together by 
glue# sealing wax# and bits jof string. 
Around and across the whole laboratory# 
there was a labyrinth of electric wire. 


In 1924/ he succeeded to transmit the external 
features of a doll over a distance of three yards. He 
got Mr. Day interested in his future patent who paid him 
over 200 pounds which he demanded back soon after# for 
in hia opinion# his patent held no promise. In 1925/ 
got a lucrative job at a departmental store 
(Selfridge) on 25 pounds per week for demonstrating jhis 
device. He left the job for he Was more interested in 


perfecting his equipment than in demonstrating his gueer 
piece. Again he got into extreme financial difficulties 
but luckily got 500 pounds f)?of one of his cousins. 
Newspapers did not find a story worth publioation on what 


(: ■ 
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he was doing. One day, he suddenly succeeded to televise 
en office boywho needed a half crown to obey and bear 
j the instructions. Thus the Magic Looking Glass was 
i l)Ocn. Interestingly enough, he had to wage a war 

i 

against the B.B.C, which refused to see any benefit of 
this discovery for the British people. Be sought 
parlianentary intervention .and was successful. (12) 


(h) The beading of a seedling. 

Science Is a matter of 'meticulous observation 
and unrestrained speculation* (Eric Ashby). Merely 
counting the teeth of a horse, donkey or man does not 
constitute an act jof science. It is only a step towards 
It. It tends to become science only when one attempts 
to describe the number and arrangement of teeth in 
different animals called dentition. Efforts become quite 
powerful if they result in the discovery of a 
nathematical relationship. Thus it becomes possible for 
one to 'Assign the bewildering diversity of mammals to 
one or other of a few easily remembered categories*. 
Let us illustrates 


All of us know or it can be verified any way fcbet 
«n oat seedling when placed near a window bends towards 
light. The bending occurs st a point Just over d m asmy 
from the tip. The question arieeai Hbati la tfte oaose 
for this bending? -CSliarles ParWin also observed lUlls 
phenomenon. Be-foub* fort.b«r febab fetadiiid »e% OdObT 


‘J -r! 
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jn case ti ps are removed or covered with tim foil caps« 

| |g hypothesized that the tip gats somethlrm from light) 
end in turn transmits a message ImIow for the handing 
I to occur. Boyaen-Jensen confirmed Darwin^a observationf 

5 

I and followed up this observation by showing that Seedling 

i 

[ frowB vertically in uniform light) and the Get Seedling 
etasea to grow in case Its tips ace cut off. They made 
another Intereatlng obaecvetion. This phenomenon 

rapeates Itself when the severed tip is put back on the 
stsm itself. They# therefore# excluded that there ie 
eomething (Stimulus) in the jtip which not only controls 
bending in oblique light but also metntaina stceight 
growth in uniform light* Sow another additional 
fubaidiary hypothesis appeared. The eevered tip# if 
replaced on the stem# le also able to trenemit the 
, stimulus. Now the question arisesi what eauaee jthe 
.! stimulus ? At this point# they further hypotheelxed that 

if 

1 etimulus is either a nerve is^julee (llectric corrwut) 

f 

; or some chemical substance* This could be tested l»y 
|<placlng a minute cube of gelatins between the eevered 
I tip and the stem. *he choice of the gelatine esab# reeted 
|«n the fact that the nerve impulee ehastioel 

ieubotence would be full^resiated* Ih ItSMI# is 

laollend thought of collet ^Ale mamtmtm 

Sin blocks of gelatine ana a'^.oipjeeded in hie effett#* 
werae he failed to nesHi tba iMi iii»«e«d 

»n an other direction# h tebSttlii##* 

gooiiacting this eubeetaeiwi' i® hlMe ’ 


r-’ * 
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Kogoli with careful experimentation^ collected this 
growth promoting substance in sufficient quantity^ 
anaiys®*^ isolated it/ and named it as "Auxin'. 

Fifteen years later/ it was found that it was not 
'Auxin' but some other jaimpler substance. It is in 
the tradition of science/ where the credit is due/ the 
name of Kogol is just not mentioned. 

It is interesting to note that it took about 
seventy-five years for partial understanding of this 
problem when Charles Darwin gave his first vaguely 
worded hypothesis. Currently/ the position is that 

the efficient cause | 0 £ growth as well as the cause 
of bending in an Oat seedling is known to be a 
chemical substance. Not only the constitution of this 
chemical substance is known but also the chemists have 
succeeded in synthesizing Several additional 

Investigative questions have turned up during the 
solution of this one time least understood problem. 
For example, 'Why la it that only this substance and 
not other substance with similar chemical composition 
helps in growth 7 Is it suggested that it related 

to the specific configuration of atoms , in this 
substance 7. 'What othsi* ^/.owth promoting substances 
critlcallycontrol plant * £ anitij^l Ilf* 7 Science 
sppeara to advance forward by unfolding a chain of 
wysteries ,(13) 

.29 
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(1) A mysterious nervous disease 
W<H. Bennetts Investigated a nysterloua nervous 
dieease which inflicts sheep in Great Britain and 
Australia. He first hypothesized that this might be 
due to lead intoxication. Her therefore; treated some 
aheep with ammonium chloride. The initial results 
appeared to be quite promising but the latter were not. 
From this, he got a clue thn- . ’ might be due to some 
mineral defficiency. He follow-,d up this clue; and 
through experimentation pin-pointed the cause of this 
strange disease,, namely, the deficiency of copper. 
It had never been even suspected in the past that the 
deficiency of copper ever produced a diseas in an 
animal. At this moment of triumph, his thoughtful 
remark needs careful consideration: Hypothesis is 

neither jright nor wrong nor definitive; and it simply 
attempts to direct our probings, (9, 14) 


(3) It was in the year 830 that Geber 

discovered that three substances. Iron, lead and copp 

gained weight on heating,# ^he fourth element to t 

list was added by Lord Robert Boyle in the seventeenth 

century. And it was in the eighteenth century that 

Lavoisier supplied the true interpretation. Hie 

laboratory observations# during the pros 

reconciliation# led to the dissovery otolorine and 

carbon monoxide. He spent thirty yeer» recording 
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faithfully barometric readings jfor identifying clearly 
the variables which affect weather. Be heated water 
for not leas than 101 days in a special type of flask 
(Pelican) to refute the theory held for several 
centuries that water was transmutable into earth. This 
was despite the fact that Lavoisier had ill health as 
well as other official duti^- '15). Let us take the 
example of another metal .(•( nluminium. Both its 

diecovery and application are Instructive to read and 
Chink about. 

Aluminium was a rare metal in the closing 
decade of the nineteenth century. Professor Prank 
bewett talked about the history of this rare metal and 
ts importance in the world of commerce in his class. 
Oersted in 1825 isolated this material. So did Wohler 
in Germany< using an entirely different method* Both 
obtained this material in small quantities and that 
too in the form of a powder. In 1854» Benri De ville 
managed to obtain metallic aluminium by reducing 
aluminium chloride wlthmetalllc sodium. It was still 
flo rare that the Prince Imperial of Prance (Napoleon 
III) wore with pride the helmet made of aluminium. 

Be also served dinner on Blumlnlum plates to the most 
distinguished gentry of Europe in Paifls,. Prom 1660 
to iBBOi the yearly production of aluminium was about 

... # 31 
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and half. Charles Hallf the student of Professor 
jewettf accepted this challenge and said to himself, 
"I an going to get that metal". And he did (16), 


(k) The discoverer of some chemical elements 

Let us consider the work of William 

RamsayC 1852-1916), In 1785, Cavendish passed electric 

sparks in a mixture con'; 'i atmospheric nitrogen 

and excess of Oxygen, On i i. ,ino‘ ini nitrogen Oxide and 
oxygen, he found that a very small quantity of the gass 
was still left which, of course, did not exceed l/120th 
of the original volume of nitrogen. On reading this 

account, Famsay had noted: ’Look into this'. He 
possibly forgot ell about this but was soon remined 

by Lord Baleigh's ,;Open letter in 1982. 


I am much puzzled by some results as 
to the density of nitrogen and shall 
be obliged \if any of your chemical 
readers can offer suggestions as to 
the cause. According |to the ^two 
..methods *bf preparation (Nitrogen 

gas), I obtain quite '^di^tinot values. 
The relative difference , amounting 
to 1/1000 part, is small In itself» 
but it lies eptirely errors 

of experiment*. - 
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Bamsay joined Lord Raleigh and both o£ the« 
attacked thia problem jointly* They diacovared 
a new gaeeous element# namely# Argon. Thie wae not the 
and of journey for Ramaay* he made a atrenuooa aearch 
jor all the poaalble compounda of Argon* even 

etudled aeveral roinerala containing Uranium which# on 
diaaolution in acid# releaaed a gaa preaumed to toe 

nitrogen* He found hat the releaaed gaa waa not 
nitrogen aa hypotheaiaed by him earlier* Of courae# 
it certainly contained Argon but there waa another gaa# 
hitherto# unknown on earth* On apeetral analyalaj it 
gave a clear and brilliant yellow apeetral line. Here 
ia another example where two independent acientlflc 
pat ha happen to croaa each otther. mariier a french 
aatrononer had found thia Une In hia apeetral atadiea, 
on the atmoaphere of the aun. further# freaklend end 

LoQckyer atated that thia line w due to the ealatanee 
of a new element in the aon Cor wtolch they toed 

auggeated the name of Hellwe* k mmall emeaoloua 

otoaervatlon on being followed W ^ oeaefol end 

•xtaneiv. experimentation. ayetmmatlo emelyaia and 
tlaeh of Imeglnatlott brought 3^ from ttoa 

J aun to our abode, J^hout thie dieooeorir e* »ell«»# 

I Rainey wrote to him wife 00 «• 

t- 
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vacuum tuber and arranged so that I 
could see its jspectruin and that of 
Argon in the same spectroscope at the 
same time. There is Argon In the 

gas; but there was a magnificent 
yellow line, brilliantly bright, not 
coincident with but jvery close to 
the sodium line. I was puzeled but 
began to smell a rat. I told Crookes, 
and on Saturday morning when Harley, 

Shields, and I were looking at the 
spectrum in the dark room, a telegram 
came from Crookes- fi© had sent a copy 
here and I endorse that copy. Sou 
may wonder what .it means. Helium is 

the name given to a line in the solar 

spectrum, known to belong to 
element, but that element has been 

hitherto unknown on earth, — It is 
quite overwhelming and beats krgon- 

in 1898, h. r.poirt.a oth.r 9M.» ■>«“' 

krypton x.non, .nd radon triri«t» «.n.ktoo). l.t 

us sldatcsek lor a whlla liar.. Ik int.east 

to not, that an *«rio.n ,»i.t.kl.t n««d 
Hlllabr-nd had aaamlnad a 
both krpon and B.Haii *>•*»« 
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identify correctly. He diacoverod that certain 

Biineralfl reaction with acid gave ^off nitrogen. 

Be repeated the experiment and found that the newly 
evolved gas waa not nitrogen but a mixture of gases 
containing Argon and Helium. Ramsay investigated 
thoroughly and successfully whereas the American 
aclentist remained very close to this discovery. After 
Ramsay's success« he had these comments to make onn 
his failure: 


The circumstances and conditions under 
' which mywork was done were 

unfavourable; the chemical examination 
‘ had consumed a vast amount of timei 

and I ffelt strong scruples about - 
taking more from regular routine 0work. 

I was not a novice at a spectroscopic 
work of this kind. It doubtless has 
appeared in comprehensible to yoUi 
in view jof the bright Argon and other 
lines notices by you in the gas from 
clevlte# that they should have escaped 
my observation. They did not. Both 
Dr. Hallock and I observed numerous 

bright lines on one or two occasions# 
some of which could ' be accounted for 
by known elements as mercury# or 
I sulphor from sulphuric acid; but there 

were others that 1 could not Identify 
with any mapped lidnes. The well known 
variability in the spectra of some 
substance under various conditions of 
/ ' degree of evacuation of the tube led 

me to describe similar causes for 
/ -these anomalous appearances# and to 
/ " 'reject the suggestion made byone of 

'ds in doubtfully Beriic,u;B spirit# that 
a new element might be in question. 


Who are wise '.before' the’ event 7 only a few 
Who pinpoint .discoveryi;with absolute ooutfldeiwe 

«t t^^o 'scientific frontier' t tche answer is obvie^fcSfy 
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, Here* one has to learn to believe in one's 
DO one t 

own answers without raising an accusing finger at 
anybody who may give false scent. Commitment to 
science requires long hours of work daily over a long 
period of time. In the process, one has ,to tolerate 
lot of vagueness and confusion and that too for a long 
tise until the problem is solved. According to Peter 

j.W. Debye, "it is the urge to understand things that 
.. .tuay things". It may b. . dlscrspsht .vent 
which astonishes me and thus attraots sclentltic 
.tlcntlon- Hence, trials and trlbnlationa. lastly, 
Baaaay'a contribution Is unique in the history o£ the 
diacoveryof chemical elements- Ho other Indivl 
■Ingle handed, had dlsoovarad a whole column ol 
•lemanta In the perlodle table. 

inactivity o£ element. gave hi. vorK an .*tra 

aiatlnction. After Ale chemical dlaccvarl.., nature 
n..a nb longer jump abruptly from Aalos-ena to the 

alkali: metals differing completely In electropolarity 

(1) It is the natural habit of mind to 

1 loov for relationships and other 

correla^tp expriences# lopk lor 

■ 4 R>«riire. let us now refer to 

laws ^nd) uniformities in natuvep 

the thinking of Balmar, a swlb» echool taachar. 
worked on the Idee, of Ang.torm In IHBS who had in 1851 

4bt.r»l„pd the wav. length. ^ of, th. hydro,., .tom were 

dt'iwMnaA and reckonad as 
repsatedly observed, ewifinned 
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.xpreBBing uniformities a law 
divided, these numbers by 'h' 
constant. He got the figures on 
Boaewhat as follows; 


of nature. Balmer 
called the Planclci 
which he again worked 
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6^-2 
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which when generalized led to 


2 u 

n h 




(Kia hypotliaized relationship lad to ptadict th. wav. 
length o£ the fifth, sixth and saventh line ^o£ the 
hydrogen spectrum. Earlier efforts to seah bar 
ratids by .following tha analogies of light and sound 
had ended in vain. Interestingly enough, other lines 
vari also discovered by Sir M- Hngins both in tha 
.lalbUe and ultra violet part of the hydrogen spectrum 
hy Obaating a vacuum. Professor Bagenback showed that 
all these lines followed the Balmer series. There 
now 50 lines including those obtained tvom the llg 
M white stars. tat us now have a look at the figure 
Of i in th. denomlnataor. It restricts th. emergence 
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of hydrogen spectral lines below the wave lengths of 
$562, Mote lines were discovered in the inferred part 
of the spectrum. Their position was determined by 
changing the formula as follows: 

h n^ h 


What is the underlying logical justification 
for this achievement ? No answer is available , Its 
contingent character was stressed by its arbitrary 
constant "h" which is equal to 3645 |6A*, Let us go 
still further. Rydbery did not take much time and 1690 
replaced "Balmer’s 'h' by his R ( a frequency 
constant). This enabled to determine the poatlon of 
line spectra of other elements. Again* the 'R' had 
no grounding In physics. Imaglnatlvelyenough* Bohr 
deduced among other ^things not only Rydberg’s constant 
and Jlialmer's laws by applying quantum mechanics of 
Planqh and Einstein as well as the atomic theory of 
the atom as propounded by Rutherford, See how over 
the tipef the Balmer's law and the Rydberg's constant 
became grounded in general physics. We can then say: 

ta) There is no direct relatlbnehlp between increas 
in knowledge and increase in retl’onalifey* 

The*^ following up o£ an , imaginary Idea or the 
''ague hypothesised oenUtri^Cfe is i of Intuition 

say^ gift of Oodi, But it* labour of cultivation 
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( 0 b6&^ * nourishing fruit is a function of adjustment 
j well as readjustment of hypotheses; and the proper 
[end of arduouus scientific technique and uncommon 
laervation at that moment. (18) 

(m) Cavendish f of coursei a rich man/ 

opletely absorbed himself in scientific pursuits. 
(He was bold in his imagination. He jtried to find the 
weight of the earth by measuring force where two large 
balls attract two small balls. He came from Cambride 
to London without a degree. He thought that he had 
discovered "phlogiston" which he could pour from vessel 
to vessel. Instead/ he had discovered the hydrogen 
gas. Dr. Charles of Paris used this gas in a balloon 
and had the first aerial voyage. He was as patient 

I as Boerhaave who heated mercury in an open vessel for 

[ diacOvering a chemical fact over a period of 15 years 
or So. He split water into hydrogen and oxyQ^n and 

ayaihealzed these two gases under electric discharge. 
One can appreciate the excitement of ,the times when 

Fourcroy of France continued burning 375000 cubic 
inches of this mixture for a week and g6t nothlngelse 
hufc Water. > Eguelly Interestl^ng id the case of a lady 
standing on a wooden stoOl in ' Heulln who was- 

appropriately charged 1th Jhrletlohal electricity • 

^^nyoue who approached her get';sparks. It Is 
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pi> 


Bxcellent way of communicating science in flesh and 


ijiood 


to the laymen. 


His life history is worth reading. He followed 

|th6 flw® path from his residence to the laboratory and 

fbacK everyday- He diverted from his path only when 

'Certain young ladies giggled on seeing him. Let us 

[proceed still further with this men. he measured 

voltage (potential difference) by discharging 

electricity In his body from lyden Cars, At that timei 

1 

there were no voltameters. He predicted that — th 

of the volume of hydrogen could not be reduced to 

nitrous acl. This led Lord Haleigh and William Ramsay« 
100 years after/ for the search of an Idle gas called 
argon. This figure was 1 in 10 per cent after a 
century’s of experimental advance. From this result/ 
they separated three more inert gasea; namely# neon 
krypton and xenon. 

So# going ahead in science is IDte climbing 
up ropes hanging in air. Rises and falls of acientlats 
take place. While he is ascending# in fact he is 
descending and vice versa which 1$ more e matter of 
backsight rather than forefllgtit. ensuring 

difficulties are not difficult to negotiate in the very 
near future for the basic urge Of f®** strive# 

to seek and to find ratbeSr ijih'on to yield.I "" ) 
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s (n) How is it that atom no longer reeialned 

fthfl brick of the universe* After 20 years jof hard 

I 

Wk/ Joseph John Thomson in 1B97 showed that cathode 

I 

are particles of negative electricity* With this 

iir«nt away the Dalton's atom* Re calculated its naas 

I 

Jpna charge in several ways and got the nobel prise, 
later on. In turn, about three decades after, hia son 
showed electron as wave rather than a particle. Be 
Also got a nobel prize for confirming an opposing point 
of view* Neither baffling problems nor discoveries 

In science fall from the heaven for they are really 

there during the course of one's work. Langmuir 
attacked a very difficult problem which waa to make 
tungsten wire survive in an electric bulb. If he 
followed the beaten track, only three samplee out 100 
samples survived successfully. (that want wrong with 

the large number of samples? He left the beaten track 

of creating efficient and more efficient vacuums. If 
Was expensive too. He had the idea that certain gases 
entered the tungsten filament during its manufaetuipe* 
Instead, he filled the electric bulbs with gases and 
iltudied their effects on tha tulftgsten filaiaeat* te 

I 

^ucceeded and thereby stated the j^thdlple 0* reseas^h* 

L ^ -V , . I , 

quote Langmuir 

Whan it is suspected that stwe 
result is to 'be 

^ I I ' ' r' ' v' 
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certain undeaired factors/ but it is 
found that the factors are difficult 
to avoid, then It is a good plan to 
deliberately increase each of these 
factors in turn so as to exaggerate 
their bad effects/ and/ thus/ become 
so familiar with them that one can 
determine whether it is really 
worthwhile avoiding them. Be got rid 
of the Immense volumes of such gases 
which the tungsten filament had 
absorbed. He then filled the lamps 
with inert gases. 


He/ thus studied a theoretical problem of 

'Atomic hydrogen while continuing ..hla work in applied 

i 

.sciences* 


In 1844/ Mercer/ an English nan made an 
interesting discovery of Immense practical use* Be 
found that cotton fibres when immersed in caustic soda 
solution awellep up/ became shorter but/ at the sene# 
sore otronger. It took 50 years for this process to 
he introduced Into the industry* (16^ 

(o) The pursuit in science takes different 

corners depending upon the nature of questions asked, 
take the case of J.S* Haldane# father of a.1.8* 
Baldane. The latter worked as his toualed 

himself in washing bottles and aftaklng uaJeC^latlaas for 
his father's experiments who ts hinsalf aoma 

straight forward questions aii^ 8** 

i ' \ y ' 

■ ' 

(1) What is bad ata > ■ 
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(2) What makea air dangerous to breathe 7 

( 3 ) How can its bad effects be prevented 7 


Bffing the course of his investigations i ha want to 

itloM places such as worst sluns. Inside savece and 

and hospitals. Be beoase his own objeot of 

mesllgation too. Beaulta were seen to be negative. 

discovered several empirical facts. Tor example. 

„bon monoxide is a killer disease. 1 mouse is as 

«ltive to carbon dioxide as man. All war. blooded 

alnals produce roughly the same same amount of heat 

K unit area of their body surface. Ihree thousand 

Ics weigh as much as one man but possess twenty time 

U surface area. And so on. Bence, a mouse or a 

bird can be used a. an indicator before the 

wont of carbon monoxide in air baaomes fatal to wn. 

need no longer die at once .for cerbon monoxide has 

smell and causes no Irritatidh. UU is not easy 

,r a man of science. He has to «nife.t p.tl«.o. 

irseverance in the face of hi. difficulties, permonal, 

4 sand What not. 
lofeseionalf ecoonomic and h 

1 ». him bCOCMIO* OWWMJOOO ot 

xJiBelf a bit gifted I lot hitn p 

[if confidence for cthewis. the ..i«.hi«. 

elude him. Let u. luistrat. this point with a 

I / ' ' 

jpla of examples 0 
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It is nature of man to put questiona 

hl.5.If. invesllgat. their enawet. aa beat aa he 
satisfy his curiosity and thereby reduce his 
^radoine Between two dark points, namely, present and 

liahts his candles and consequently lights 
future* ne Aiy***- 

, „ »u=h area aa he can. Be la not avate eh.n the 
„rt.in of darkness will fall again. The pucauit of 
.ppaarance, however, haay resalna hia beat bet. It 

„„.t be out of place that scientific diacoverlea have 
wn sade by several odd balla, nay, men of e*«y 
,„p.ra.ent from, practically .peaking, every walk of 
a,. The name of Michael Farady, a book binder a. well 
an Illiterate sccientlat, la atill a hou.e-hold 

Henri Cavendish fully described hydrogen, 

ilaeovered nitric acid aa wall as the compoaition of 
rater, and computed a highly aatiafylng value of the 

danalty of earth which, later on, turned out 
true. He was a man of ingenuity in hi. time but, at 
the aame time, suffered nearly of abject mad 

f.4rtn of his tsscher in his day 

At the suggestion o£ nis , 
to day classroom teaching, Charles BaU 'S**?^**®^ 

A practical way for the manufacture jof aluminlu# 

« Hdcir derated* Wohler and tearl 

» commercial scales Earlier O 

Dtville had failed on this 

technique of eiectrolysUi uelw eluminitw 

the molten- cryolite;-’ He 'made^''Setterui, ^ 






X like cupsI tumblers and pieces of carbon 

. were available locally in abundance. There ia 
yllJtcn we*-'' 

*.o be learnt here. Questioning longing to 
. lesson to 

ana aoby trying new methods and alternate 
rtetisln ere the moat important attributes of a man 
0 f pcience. 

Mental preparedness end patience may frequently 
„ „u as infrequently go together when it comes 
(laally to drop a final blow on the head of a problem. 

„ 1 . a life absorbing game where the precise mo.»nt . 
‘ t.r solution of the problem cannot be predicted . Per 
. asn of technology as well as invention, problems 
«ltlply in unexpected directions. Charles Goodyear 
1S33 became highly intereated in the manufacture 
rubber, a material highly beneficial to manhind 

yersonal fortunes were also at stahe for him. Be live 

- _„hher Be talked ana 
In a way in the atmosphere of r - 

1 oeantlv He wors It ^too. 
thought of rubber incessan y. 

overcome economic diffioult es, 

vhamrt's Clothes ahd sold his 
,o.ds, pawned his swe.thear^ 

chlldr.n-s books. He eg pubber ooapiWW'' 

did not lose hla tenacity of mind. 

v,a-nlte Its treetmoat wltn 

to be sticky in summer 

, ..an, luck would have it tox oy 

sulphuric acid. W 183 aulohur 

. „ nt rubber smeared with sulphur 
sheer chancer a piece hat'd 

burning ntbve became hero 

and left over night near 




[he next morning. The moment of triumph cnme but 
battle for the patent ensured until the year 1B53. 

ua not hammer at the obvious. Success in 

BaxSf xec 

aclenee depends upon the peculiar combination of 
(actors like commitment to the demands of the problemi 
ptepared mind, grappling with difficulties of all 
Bocts, personal sacrifices and what not from the leat 
wpeoted quarters. Jules Verne, a man of strong and 
trams Imagination, predicted several developments 
in technology before these landed safely on earth. 

Be use a source of ideas for several engineers and 
' Inventors. Srinivasa Bamanujan, the great Indian 

.mthematiclan that India has ever produced, sa« a lot 
.£ significance in number «17I9- vhich could be 
..pressed as a sun of two cubes in more than one way. 
tad a number smaller than -1729- meeting the above 
requirements is Impossible to find. Bewon t get 
lecturing post at a rural college because he did not 
pcssess a degree. In our country, the pcseession of 
degree is more Important than doing remarkable original 
work without a degree. Boyal Society of London 
not demand degrees while admitting fellows in it. ioW 
since Ramanujan getting his award, M.B. Crane also 
got his f.B.S. for his discoveries about fruit trees. 
«..t was he doing 7 Be was merely a gardner (maU). 
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I j.B.S. Haldane became a reader directly at the 
CaBbridge University in England on the basis of his 
published work and capacity to lecture. Of course# 
f b« was an island into himself - a voracious reader who 
could not sleep without reading seveeral hundred pages 
gach day. He has a message for our country too where 
ba died. He gave his body for scientific research, 
jmd contrary to tradition# his laboratory at 
Bhubaneswar was not closed as a mark of respect. It 
la a lazy nation's tribute to a great man. He also 

write an open letter to Pt. U.L. Nehru before his death 

t 

•Bphasizlng the need for the recruitment of men of 
laaglnation even from the ones of social sciences for 
ccedital scientific research* He showed his own data 
o£ research output for comparison with the entire 
rhaearch output as published in reserch journals 
abroad, to quote the illustrious scientist: 

If India is to know Famanujan as it should# 
the first step should be jto open career in mathematics 
and other academic subjects to men like him having no 
degrees, but have done distinguished original work* 
Itatll this is done; we should be continuing the 
practice of British imperialism and frustrating source 
of our most talented men and women^ 

I, * « 47 






Prom the psychological point of view, It is 
yery difficult to explain such spectrums of exceptional 
behaviours. The whole thing is toe baffling when 
attempt is made to determine the conditions under which 
the machinery of mind works within the context of 
Individual's scientist's objectives, motives and the 
continuing struggle both physical and mental against 
environmental handicap. (16) 

It ' is difficult to construct a perpectual 
wheel. If constructed successfully, it becomes an 
eternal source of energy* It has been an object of 
fascination both for scientists and inventors. In the 
eighties. Professor Horace Bright thought he had 
constructed the scheme of this perpectual wheel, say, 
the perpectual water wheel* His aim was to draw water 
out from the earth inside, using gravity and the 
properties of water* He needed a paltry sum of 5000 
to develop a full scale model. Even the department 
of energy did not care. To quotes 

I went to the department of energy to got a 
grant for my invention but I was thrown out. I was 
told that there was no such thing as perpetual wheel 
and you cannot get energy from gravity which la what 
my invention is all about. They are not prepared to 

listen to me and my argument* and they would not let 

...*48 
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^ demonstrate how my machine works. 

. Britain wanted to, we could 

produce all the world's electricity. My machine makes 
jOOO uits of electricity for a penny. 

My employers did not help me. Anyone who saw 
model was impressed. The patent office did not 
swept my patent for registration until 1976. My 

invention changed their rules because it had changed 
the natural laws. It could as well the case of an 

anamoly which ia not a rare event In science, (19) 

(p) Let us continue this theme of discussion 
where one gets a lot out of nothing. It ia the 

existence of vacuum where nothing happens. According 
to Aristotle, even nature abhors vacuum. The existence 
of actual vacuum has been an ob;)ect of discussion among 
aclontlsts right from Aristotle onwards up to the 

present times. It is known that light, heat and 
magnetic fields travel through a vacuum. If so, each 
suet have a medium for its propogetion in space. So 
the terminology of 'aethers' appeared on the scene 
whidh provide all space. The Maxwell's theory cf 
electromagnetism reduced the varioua types of 'aethere' 
to one just one 'ether'- The problem then arose to 
ahow the existence of ether experimentally- The famoms 



are 
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liachels®*' 


Mocley experiment failed to find it. It only 


nroveS 


that earth moves around the sun. Then it came 


the 


turn of Albert Einstein vho eliminated 


the 


existence 


of ether in his special relativity theory. 


fhu8» allowed the true vacuum to exist. Then can 
the Heiisenberg's uncertainity principle of 1927. The 
atomic physicists said that particles would continue 
to appear as well as disappear in vacuum provided they 
ao not violate the above mentioned famous prlnciple- 
Nov the quantum vacum is a very active place where all 
sorts of particles appear and disappear. What are the 
relevant facts today. 


(a) The quantum theorists are correct In this 

Interpretation. It is interesting to see that two 

natal pplates when placed in a vacuum a bit apart get 
pushed together. The reason is that more energetic 
particles appear outside the plates than inside the 
narrow separation space. 

(b) The particle physicists have now started saying 

that the entire, universe was created as a false 

vacuum' within the context of Inflationary univer 

theory. This quantum vacuum posaesees more energy 

its nothingness than it should. Then the quantum jumpi 

... .51 
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The decay of that particle vacuum to an 
Pfdlnary quantum vacuum produced all the roase in the 
Iverae and started the "Big Bang". 

It is perhaps the case that a baffling problem 
Ut,ct» ita own conatruotlon and reaonstruetion o£ 
„lotlon l.e. knowledgo. (20) 


Let us now have a little peep into our own 
.ciantHio ocaimunity. whatever happenea In the Meet 
. 1.0 happened here a bit later on, except no scientist 

... hanged to death or even better, was sent to the 

prison. we see prevalent saong our giant, of aci.nee 

poverty rather than affluence, difficulty rather than 
(.duty or opportunity, going It alone and, at tl».a, 
reainding country won what ought to happen and what 
ought not to happen in sciancs and t.chnology so that 

our country catches up with the We.t in the -horteet 

poesibie tlae. They advi.ed fitly how to .elect, 
trein and put to fruitful work young «n and wo-.n 

a t-he expecluftc*^ 

rather than draw the P 

wealcan th»«* 

Bniveraities# and consequ j, ..k n 

u* 1 , talk of reglonalisfli^ ca«t»i»»i than 

not think and talk oi r 3 

that of "Mandi.:" ** 

even worse that or ^ 

to ka#P th# P<>t of problo«a 

politicians do so as 

not* oi R<*9*>^* * 

boiling. They were not* o* 
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keen reflection, were Francis Bacons of the highest 
having ii* them the aeathXega spirit which 

^'ntinually haunts us. Their ideas have lot of sense 
Ir nation's money has to be 

jpent vith care and caution. Those who generate ideas 

al.ln«reat.a re.earch or boUa o«tl« 

.he air which later on, may land on the ,round need 
, alJferent kind ot attention and treetaent. the nobel 
winner in phyaics : Mar Born ot Germany aptly 

leBarlcaa about 40 yoara ago-. 

that thors is no 

phlloaopMoal high road 

^:^ih -liMtemoiogical aign ^poata.^^ Me, 

S? «!%! and e’rror, building our roads 
behind us as we proceed. tdiJ 

our men of aclenoe have had oth.r phyala.l 
lUltatlona toe. ViHram hmb.lal Sarabb.i (1919-1971) 
a man of vision and dr.am for th. country with 

infinite capacity for hard worh. «« 

t M ji cQDule of minutes, 
identify youngmen for resoarc . . - 

nurture them by giving eaqch jo 

He knew too how to nurt uKaba 

th» a life's chance cf freedom. 

(i909.i96e> our bachelor acienti.t, paint.r, -uaic ^ 

beauty in fcalkad 

dancer and having ey® ^ 

of TIFR having a budget of 

-«fe that it w«B «ng»9^s» itsmlt 
atracture on paper except 
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nuclear and high energy physics. The remarkable 

work done by this Institute over the years is the envy 
of any nation anywhere in the world. He declared in 
1963 that the National Institute of Sciences was a case 
of conceptual failure. It is/ in fact/ a case of 

functional failure for all elements that ought jto 

exist/ did exist and do exist for the advancement of 
science and technology. It is simply a case where 
enpty vessels makes too much noise and then biting 
crltlsm by those who were involved actively in the same 
game or he tried his best to carry as many sclent lets 
as possible with him when it came to the type of 

reactor we should construct in this county. Baba had 
the diverse discussion under contol but Professor K.S, 
Krishnan clinched the issue by quoting a story: 


Yesterday I mentioned the instance of 
a man who had joined for research the 
great mathematician Jacobi who was the 
brother of the great orientalist. the 
yund man has been with him for several 
months without having started any 
research work. When the teacher asked 
him about it/ ha said/ "I have not yet 
read all the earlier literature on this 
subject". Then the professor turned 

to him and said/ "Dear man/ if your 
father had waited to see all the girls 
before marrying one/ where would you 
be " 7 I would like you to make a start 
somewhere. You can get on with the 
scientific problems and proceed" . (31) 


S.N. Bose (1894-1974) whose name is very 
Intimately associated with Albert Sinstela' wrote th 
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1924 a four page paper on "Platilk'a Law and Light 

(juantuip Hypothesis", He cut short Asutosh Hukherjee, 

tha vice Chancellor of hia University when he 

cowplalned abut the incompetence of the teachers of 

aatheniatics when he said that none of their students 

had solved a mathematical problem whichhe has been 

getting for the last three years by saying that the 

problem Itself was wrongly set. One of the fundamental 

particles/ Boson, is named after him. He did not 

possess a doctorate degree. He approached Einstein 

Cor recommendation to the position of profeaaorahip. 

Einstein did oblige but said/ " Are not the works you 

have done in. science more than sufficient for a 

certificate"? His papers on "Unified Theory" (1953- 

55) appeared when Einstein had his day. These papers 

did net receive sufficient attention because of lack 

of Interest in this area of research} and possibly new 

Interactions of nuclear physics and particle physics 

were managed to provide the missing link between 

gravitation and electromagnetism". One also need# God 

* 

fathers as we-ll as publicity officers to go up 
hierarchy, M.N. Saha (1893-1956) is another legendary 
Bcientlst whose parents were too.-ppod even ko euplH&jflt 
hta school education • Hegardtng the role 3iOf 

demonstration in tha teaching of h* ^pMS^teid 

a thousand year Sanskrit text 

• 5S 
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I have heard much from the lip of 
oavc-nts. I have aeen many (formulae) 
well established^ in scrlpturesf but 
I am not recording any which 1 have 
not done myself .....I am only 
recording those fearlessly which I have 
carried out before anyelders with ay 
own hands. They are alone to be 
regarded as real teachers who can show 
by experiments what they teoch. They 
are the deserving pupilsi who» having 
learnt from their teachers can actively 
perforin them and/ improve upon them. 
Tiie rest are mere stage actors. (31)« 


P.C. Ray I the father (Indian Chemistry), taught 
i chemistry and not the chemiatry syllabus of the 

. Calcutta University to his students. He would 

r 

' humourously advise his students to bunt text books, 

notes and digests etc. for they produce "parrot 

licensed ignoramuses*'. let us now talk of C.V. Raman 
(188B-19VO), one and only one indigenously produced 
nobel prize winner in physics. He also hated the use 
of textbooks as the sole tool of instruction. His work 
done at Calcutta and Bangalore is a long story. He 
vas a grand old man of science for throughtout hie 
life, he lived as a man of science. Unlike many, he 
|i left his lucrative ob of the Indian Accounts and Audit 
Service to join the physics department of the Calcutta 
Oniversity. He was very productive in accoustics but 
ohlfted to optics and physios of crystals. and his 
collaborators established several laws coansefesd with 

«i« •« KiSd 
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gcsttefirig from 1922 to 1927. In 1927 ^ Venkatoswaran 
qot green colour Instead of blue when sunlight 

^gsttered on a highly purified sample of glycerine* 
pe immediately saw a parallelism between Crompton 
effect and light (later to be called Raman effect). 
HOW much had he spent, on his own equipro&iit 7 It was 
about two hundred rupee only. According to him, the 
"esflcnce of science ia independent thinking, hard gwork 
and not equipment". It should not be forgotten that 
scientists now worX in teams whereas the philoscphere 
do not. It is of Interest to add that since the 
discovery of Raman effect, IBOO papers were published 
in this area. Using Raman effect, about 2500 different 
chemical compounds were investigated in respect of 
their compoaltion# structure, molecular interaction, 
iBomerisra, polymerisation, solvent effect, hydrogen 
bounding and metico of fast reactions. The laser 

proved an ideal source for further Investigations in 
this area. V^hen one talks of Raman effect, one ia 
reminded of "stimulated Raman effect, Inverse Raman 
effect and Hyper Raman effect". With the passage of 
time, his enemies also grew. fie became bitter 
especially in the last years of his life* He used Jto 
say that it is difficult to succeed in science without 
political support. To quote Ramans 


t 
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I came here from Calcutta. Bangalore 
ifl a nice place and I thought thece 
were people here who were interested 
in science. I wanted to make Bangalore 
the Centre of science In Asia. Then 
at the Institute of Sciencef they gave 
me hell. "You may be scientist; but 
youare no administrator;" theysald. 
They cut the grants and they have ssid 
that I had embezzled money.(31) 


So, life Is a dream which throws pies In the 
iortn of discoveries to the sky- They land down from 
there to thfe ground # not knowing who threw them where. 
He who catches a couple of them gives a general 
empirical as well as theoretical explanation. If 
turned successfully successful; he snatches knowledge 
from nature and thereby adds to the existing stock of 
knowledge* As already reiterated earlier; the verdict 
of science is not final. So the pie is thrown again 
in the sky. The game goes on. Apples continue to 
fall, Apple fell on Newton's head. He provided 
explanation for gravity. Apples now need no longer 
fall on Newton's head because of the work of Natlikar 
and others. similarly; sky and the sea continue jto 
look blue which Raman saw while sailing on ship. He 
came up with the explanation how the colour of light 
changed on scattering. Thus the scientiets sees sense 
in nature and admires it by comstinlcating it to us. 
(31). According to Blnsten, "Sod do,e»'hit play dice* 
Heisenberg retorted back by saying that it is not our 
business to tell God whloh gaue to play. 
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Olt the tangent findings of interest 

It appears that ideas in science scNoner or 
later appear to reach an edge. Newton discovered the 
cosposltion of light when he found measured dispersion 
inconsistent with Snell's law discovered earlier. The 
electric battery was conceived and developed when 
existing detectors of electric charges failed to behave 
in the context of Franklin's paradgn. Uranus did not 
behave as predicted mat hematic ally. So this led to 
the discovery of Neptunes and, laterr on# that of 
Pluto. The small but persistent anomaly in the 
seasured density of nitrogen led to the discovery of 
nobel gas# then considered non-rsactive. The anoekslous 
properties of conduction led to the motion of electron 
which acquired spin# later on# to explain the then 
existing anomalies observed In atomic spectre. Strong 
electrolytes like common salt and sulphuric acid 
contradicted the Theory of Electrolytic Ulssociaticui 
right at the time of its origin in 1SS7 by Arrhenius# 
Chemists did not bother the least for thsy reuained 
(strong electrolytes) anomallss for not less than 
thirty years. Physicists did not rsjsot th« quantum 
hypothasls when the laboratory valus of th« spaciflo 


heat of hydrogen did not agrss clossl^ ths os« 


obtained from quantum thsory. instasd s 

•ubsidiary hypothesis siSOiiing bhs ^Hfcsiiss qf 


■tatea of hydrogen. 










la the way, the investigative way along which the 
jiypotheaea are set up, tested and reformulated (and 
acts combined) that an objective body of knowledge 
results. I<at ut cite some more examples. 

Galelio asserted that it is difficult for the 
Veter column to rise up above 32 feet because the very 
weight of its column breaks it. Two years later# 
forrricelli hypothesized and related it to the 
eeiatence of air pressure# a massive force which 
several centuries later was used by George Hestinghouse 
for stopping the fast moving trainss. Jan Van Belnon, 
one of the very well known and highly respected 
scientists of the 17th century# while engaged in 
solving the mystery of life# left an Interesting recipe 
for making mice; 'Take slightly soiled shirts# piftee 
them in a dim, quiet corner sprinkled with kernels of 
wheat and In twenty-one days# one would have nice. 

It turned out to be a highly efficient fomuls for 
sating mice. Dr. Paul Ehrllick made 605 uncaooessful 
efforts before he could develop successfully Salvataesn 
for the treatment of syphilis. Be named it the 606th 
formula. Boward Rogera etudied uneucoeesfully simt 
five thousand chemical cos^oiuids before he 
Invent successfully# a new nofeeule fet. 
instant pictures. toother #ldt 

(senfirming evidence# noi^ody took seriously the dheao* 

x ° * 
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latlonship verified empirically that the 'geatation 
piriod measured in days of animals ranging frem rabbits 
cows was a multiple of 22/7'. father Spallanzani 
■natehed truth from n.tur. by 'dazillnq •ap.rlm.nt.i 
rf... observation and inaana patlanca. Ba obtained 
lonay advanced work through cunning plots and 

falnahoolda. On the top of it, to avoid raligious 
Vtathi he became a priest. Michal Faraday, an 
lllitarate acientist of Great Britain put his head 
inside the poles of electro-magnet for determining the 
sHaot of magnetism on human physiology. It vas not 
a aoecassful experiment. This led Bjesman to determine 
tha offset of magnetism on spectral lines. The line 
broadened. Be increased the strength Jof magnetism 
by drawing inspiration from Blchael Faraday but no 
auccess. The reason was that h. had a microscope of 

poor resolving power. Be referred the photographs 

along with the data to the Royal Bociety of Bngland. 

It was termed as a major discovery called the 'Basman' 
affect. He won a nobel prise fo* this discovery. 

Similar is the case with the discovery of •toko's 

lines, antl-stokss lines the ».«h effect notiosd 

in organic liquids and orystals laa other wAel prlue 
lor a Russian). If hypothMi»ea ; fwkhitr. idwt 

about the same effct uadur *»««*»*«• 

Again a nobal prise for a ao»«« 

his doctoral work to win this preetipfoce *• 
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far back as 1026, a noted Russian metallurgist 
vlsualiz®<3 and suggested a radically new way of using 
metal powders. In our times, it became the powder 
metallurgy Industry which takes advantage of latest 
developments in physics, chemistry and engineering. 
It does away with melting, casting and machining. Thus 
was born the high pressure chemistry, a technological 
dream of significance. It thus becomes possible to 
control chemical reactions in terms of speed, velocity 
and synthesis of new compounds and materials and that 
too with pre-determlned specifications. According to 
Max Planlk, such happenings arise because of vivid 
Intuitive as well as artistic imagination. Lastly, 
the main distlgulshlng characteristic of any thinker, 
aclentist and for that matter Inventor is his 
productivity over a long period. Much is at stake 
because it is not at all a matter of divinity, a single 
moment of insight and even luck, for scientists too 
live on "cheated inspiration and borrowed credit" as 
Keostler has put it. (21) 

What applies to science also applies to 
engineering to a varying extent. But, genesrally 

speaking, the engineers are quite oblivious of th# 
assumptions made by mathematicians and physicists is 
their theoretical derlvStlona. for eSS|#i«'» without 
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suffering any theoretical inconvenience# the engineers 
can draw a straight line on earth without defining it. 
They have to do so for they have to solve the practical 
problems. Metallurgists# for example# find information 
on the chemical composition# tensile properties or 
hardness of a given alloy inadequate. They do not feel 
dejected because they supplement this information by 
supplying its entire manufacturing ^history# for its 
varied utilization. In conclusion# all the above 

mentioned examples illustrate the theoretical as well 
as the practical difficulties with which scientists 
and technologists have to live with. They do not at 
all discard the complex problems straight away whch 
appear too opaque for them at the beginning* Instead# 
they reexamine them at depth and pose them In their 
solvable forms with a view to master the consequent 
difficulties gradually. (22) 

Scientific thought as well as ’ 

Temper and Education 

Scientific thought# if Piaget is true# develops 
during adolesence and goes right into adulthood. Its 
deveopment depends upon diverse aptitudes# career 
commitments# individual talents# preferences# habits 
and ways of viewing the same problem ih diverse ways* 
The adolesent pupil lives in the wdrld of possibilities 
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and teets each one of them aas he deems fit, Be tries 
one solution and then another until he is satisfied. 

Be still goes forward in his thoughts and ejccperiments 
for* apart fron constant questioning* he visualises 
the continual Interplay between the hypothesis under 
test and the logical expectation stemming from it* 
Thought moves forward* backward and then again 
forward. In this process* mistakes are committed 

which, meaningful, are essential to the progress of 
scientific idea; and finally# to the development of 

science itsef. Thus, are, in fact, born dlscowecles 
out of confusion and erratic thinking which demand a 

sort of child's innocence to the point of absorption. 
It is preciselyfor this reason that the pursuit of 

successful science remains with the young people* 
"Humility", according to tlnus Carl Pauling* i» jnot 
at all a statement of learning". A "goody-goody 

attitude to a scientific finding is a danger for It 
leads anybody nowhere. Why ?* The finding is neither 
confirmed, doubted nor refuted. Klerkeygard goes a 
.t.p further vh.n h. i. .ttribut.d to h.« ..‘a 

©oinewhat aa followas 
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Rnovledge Is an attitude/ a passion. 

Actually an illicit attitude. For the 
compulsion to know is a mania - for 
it produces a character out of balance. 

It is not at all true that scientist 
goes after truth. It goes after him. 

It is something/ he suffers from. 

"D.H.A.” you know/ is like Hida'^s gold* 

Everyone who touches it gets mad. (23) 

Neither the position in the hierarchy nor the 


majority view makes one right in science* In other 
words/ the principle of authority is completely 
discarded in the field of science. In an agricultural 
dominant society, the old man is reckoned as the very 
wise man of the village. In the industrial aoelaty, 
on the other hand, his role has reached the dead end, 
that is, a sort of 'has been". Lysenko, a wicked, 
wretched and, at the same time, the top man of scienca 
in U.S.S.R. refused to see O.N.k. in the powder form 
because D.N.A. is an acid and acid is a liquid. It 
is again worth reflecting that biologists since 1953 
put forward more mistaken ideas than their 

predecessors, all put together. some of th 

mistakes, essentially speaking turned out to be 


-Beauties-, (23) Mistakes not only happen in science 
but must happen during the course of its growth. A wm 
of science, when useful and productivs. turns out tobe 
great despite the fact that hs has at one time or •« 
other has committed mors «i#ta)t«i than otiMmrs* X. it 
not interesting to lewfn that initisiXy reseere^ ^ 




conductors was# in facti carried out on Insulators, 
professor Pettenkopper of Germany believed firmly that 
he could not suffer from cholera as he had not willed 
it. He took a couple of phials containing dead cholera 
germs especially collected for this purpose from 
Calcutta. He did not suffer from it because jhe had 
not willed so. The medical science was the gainer 
because the concept of immunity was born. Any 
scientific idea always remains under threat of survival 
permanently. It is like the handing of the sword jof 
Doroacles on the scientist's head: and his finding^ in 
case no distinction is made between the two i.e* 
scientist and his works. 


Let us now close this discussion by a central 
message highly relevant for those youngmen who are 
fully occupied in scientific research. 

Try this and than some one whispers “ not guite 
yet right. 


Jacques Monod, a French scientist who received 
his nobel prize just before bia, .dep^h was more hu^le 
when he said; "I am trying to 


■- Af 


Scientific temper 

It is diffiow3^t to . deliysiiife# #f■ tei^r. 
Its cloee cousin is 
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term be defined. Instead# let us quote jfrom a 

tlnyvolume entitled "Education and the spirit of 
eclence"/ a document prepared by the Educational 
Policies Commission over 20 years ago. 



In the modern world# the approach of 


rational Inquiry — the mode of though 
which underlies science and technology 
— is spreading rapidly and# In the 
process# is changing the world in 
profound ways * •«* The spirit of 
rational inquiry# driven by a belief 
in its efficacy and by restlees 
curiosity# is commonly called the 

spirit of science. 


The term science la accurate but 
inadequate. It does not do justice 
to the fact that this mode of thought 
is relatedd also to questions men 
usually ask and answer for reasons 
which they think are totally 
nonsclentlfIc •••• rellgioue# 

aesthetic# humanistic# literary. the 
spirt of science infuses many forma 
of scholarship besides science itself. 


This statement attempts to define 
the spirit of science and .to 
it to eduction. We believe that a 

greater awareness of that spirit 
lead educators to assign to it a 
and more explicit place among the 

manygoals of education. 

The world wide pursuit 
of sciencs and technology arm 
rLognized. Thee is Isss 

that the alues a^ “technology 

which underlie science ^ 

also are becoming pgicywitve in JJW 

world. yet these velW snj 
modes Qf thought 
be more important to 
education than the 

scientific and technological pursuits 


t • # 
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....science and technology jon 
the one hand arouse the expectation 
of a better way of lite# give proaiise 
of material satisfactionsr and hold 
forth greater responsibilities for the 
development of human potonti sli tlea- 
They give rise to a genuine optimism 
and excitement. But they also give 

rise jto anxiety - to a gnawing 

apprehension of man's alleged loss of 
personal freedom^ of certitude, of 
psychological security, of identity. 

.... .aware of the apprehensions 
aroused by the penetration of the 
scientific spirit, we conclude that 
the hopes it offers so greatly outweigh 
the drawbacks as to justify a major 
recommendation that a general worldwide 
fostering of the spirit of science is 
wise. This conclusion has implications 
for American foreign policy, 

Reconunendat i ons 

The schools should help to realise 
the greater opportunities which the 
development of science has made 
apparent in the world. They can do 
this by promoting understanding of the 
values on which scienc may fully 
exemplify all these values, they 
characterise the enterprise of science 
as a whole. 

1. Longing to know and to understand. 

2. Questioning of all things. 

3. Search for data and their meaning* 

4. Demand for verification. 

5. Respect for logic. 

6. Consideration of premises. 

7. Consideration of conse<yiencee* 


« • • » 


«a 


» 
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..these values .... are pact and 

parcel of any true education. These 
are characteristic not only of what 

is commonly called science^ but more 

basically of rational thought -- 

— and that applies not only in 
science r but in every area of life. 
VIhat jis being advocated here is not 
the production of more physlciats/ 
biologists or nathematicians ^ but 
development of persons whose approach 
to life as a whole ia that of a person 

who thinks - a rational person* 

The characteristics of this mode jof 
thought merit consideration in greater 

detail. To communicate to us Its 

values should# therefore# be among the 
principal goals of education :>in our 
own and every other country. (24) 


Science is not at all a single dimensional 
activity. Wheras the path o£ investigation Is 

puz 2 ling# the essence of the process from the beginning 
to the end is to control the probability of doubt by 
having a look at the problems which way lie in the 
shade. This is the function of experts# preferably# 
the interdisciplinary ones# and not that of the prime 
minister of the country. God should save him from too 
many experts. Our first prime minister# Pt. J»L. 
Nehru# brought out country on the scientific and 
industrial maps of the world. Bo has to be understood 
contextually in the light clcci^st'auces prevttiii^m 
at that time. The growth,.. amomg 


our people 

is supported by a j meaaisre^ 

5too. 

In a 

thought 

provoking articie 

on *ilehrui 

and 

Scientific 

temper" 
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critical of Nehru when he saya^ “pt. Nehru hailed the 
heavy induetriea as the temples of modern India which 
were sited in the forest areas." In turn# these 
temples went a long way in destroying the forests. (25). 
So a problem has arisen where personal gain was 
subordinated to social gain which, in turn, is yet to 
be further subordinated to environmental gain. The 
trouble with our experts, largely speaking, is that 
they lack first hand experience, possess a lot of text 
book knowledge and vomit out quite a few impractical 
Ideas like the geography scholar of the yesteryears 
(26). They suffer from verbal diarrohea and groupism 
etc. Moreover, they are free from any accountability 
because their thinking is indicative rather than 
definitive in character. So scientific temper is the 
first casuallty in our hierarchical set up or 
relations. Our clerical system of eduction hardly 
supports this hypothesized construct. 

Education 

Considering the size of the cotintry, it is a 
vast enterprise. It touches almost every aspect of 
our lives. Like the grandeur of theriver "Ganges", 
it is a flow of ideas and practices. A.s we go distant 

..,,70 
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Into our past» our country happens [to be a rare 
country where love of learning had an early origin. 
Superficially speaking/ education is an easy subject 
to understannd. The more it is grasped/ the more 
complex/ it becomes. So/ our futuristic system of 
education will evolve from that we we have or say/ we 
do not have. He should use "hy tpotheses setting and 
testing sort of philosophy" while tackling our 
problems. In other words/ we ought to be empirical 

minded here. Our children should build up their own 
small mountains of learning on which they stands and 
thereby have clear and clearer view of what they are 
becoming. There is a little hope for this to happen 
in the distant future. We hardly examine our grooves 
and reflect on professional services to be rendered 
to children. We hardly relate our moves to what is 
happening ; and what ought to happen in our education/ 
say/ in our style of schooling and the ongoing pattern 
of teacher training and educational administration. 
Like the Greeks# we have failed to refurbish our age 
old "paldeia" # a sort of mutual play leading to the 
development of mature# enlightened individuals# using 
our available resources to the best of our abilities 
and skills. We suffer abundantly from tendencies of 
escapism. This type of exercise is essential to carry 

out from time to time because it costs nothing. 

• ess 7X 
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pcoblems are solvable if theyare not imaginary ones 

in nature. ' We have an organized confusion in 
our educational system. A few steps forward as well 

QS backward hardly matter for the central core of this 
confusion, like the central core of the atom, is too 
hard to crack. Each one of us is helpless, if not 

hopeless, in the business of education. Let us ract 

to the serious concern of an ordinary parent like Norma 
Louis of Bombay for her eight year old's tasks at 

school in the wake of the National Educational Policy 
of 1986. To quote her; 

Our daughter is a little over eight 
years jold. She has entered the 5th 
standard this year. She has 33 text 
books and note books that we have 3U5t 
finished labelling. 

We wish to make no commet 
praying that God may 

and other little childen like her in 
this country. Also that, God may 

forgive us all for this cruelty t 

them.(28). 

The physical and mental condition of our grovlg 
child is worse than a railway porter. Without 

commentig further for the former s pie is yet 
sky. in other words, It is now a matter of taking 

quantum jumps (leaps) in cognition within the context 
Of where we find ourselves at this historic moment. 
Nao-Tse-Tung talked of three leaps in oognltlon. 

Elcept H.K. Gandhi, R.W. Tagore and Sri Auroblndo 
ware not professional educators, we did not have the 
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benefit of personalities such as Charles Spearmani A.S. 
Nellie P.E. Vernon/ John Deway/ J.S. Bruner i David 
Ausubel/ B*F«Skinner / L.S. Vygotsky and Jean P;iaget 
In this country. Their works have hardly touched the 
psychological structure of our various school subjects. 
To know means to transform the wotld/and/ in our case/ 
It tnaans transforming our schools jin every possible 
way. Educational questions/ like epistemological 

questions as shown by Piaget/ must be anweredd 
experimentally. For example/ can a pupil learn on his 
own while left alone?. He is a bad master who loads 
the donkey to a kill. Each problematlgue has to be 
rubbed on all sides. Likely result ? A windfall of 
ideas/ strategies and insights. "Style is the ultimate 
morality of mind - exclusive privilege of the experts"/ 
said A.N.Whit head. In our view# students must feel 

for a style as they grow* On the front of educational 
research/ our performance is hardly flattering to 
anybody. Lastly# In this educational war# we have no 

choice but to win. If e think# we cannot. We have 

to rethink and retry. 

Concluding statement 

So a journey on the creative road is a risky 

business. Hence# care and caution. Science is 
dynamic# contextual# processual# historical and 
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dialectical too. It also disciplines one imagination 
without colour# knowledge of facts is# of course# 
necessary but not sufficient. It has to be tampered 
with "desire to know" and follow up the hypothesized 
Ideas right up to their logical ends. The cultivation 
of science as well as technology and poverty do not 
go together. Hence# its highest importance# largely 
speaking# in all affairs of the state and individual. 
Bence # we need scientists of vision and every 
expanding imagination. The works of Roger Bacon took 
centuries to be understood. These works predicted all 
the likely scientific disoveriea likely to be made 
within the next 800 years or so. How did he do it ? 
Be# therefore# through his own efforts acquired the 
first and knowledge about the entire natural kingdom. 
He lived on the diet of bread and water. It Is not 
difficult for a man of science to acquire wealth. If 
he dies# he will kinder himself from the great 
experiments in the pursuit of knowledge. he was a man 
of magnificent understanding when he posed the rea 
problem facing us. 


I believe that humanity shall accept 

as an axiom for its down 

principle for which 1 have 
my life - the right to 
It is the credo of free men - the 

opportunity to try/ the ew 

err# the cowage to experiment 
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We scientists of the human spirit shall 
experiment# experiment# over 

experiment. Through centuries of trial 
and error# though agonies of research. 
...Let us experiment with laws and 
customs# with money systems and 
government# until we chart the one true 

course. until we find the majesty 

of our proper orbit as the planets have 
found there ..... And then at last# 
we hall move all together in the 
harmony lof our spheres under the great 
impulse jof a single creation ... one 
unit one system and one design. 


So# we salute to all those who have laid-down 
their lives for the advancement of knowledge and 
thereby added to our existing stock of knowledge. Our 
admiration to all those among them who have survived 
in the shadow of death at their places of work and 
finally# became the fatal victims of their ideas and 

discoveries. 
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SfifitLoB ia^Gbtesigniess toiiwhat h& aiui cveiryboi^r olso 

after Mitt «aU.©<i the prliicipls* tlach*© ^liochmlos'^ Is 

a fascinating rads inn of the history of this hranch of physics* 
ii'e can shmr today its hlsInricaL pltfdlXs nnd the woatfinoss 
of its e.)lsto^oXo£dnaX fotjndstion» But it raade a (iront ii^aot 
particularly at a tUao vfhen physios suffered a sueceasicn of 
spectaouilar rai/olutions wlildi shook the noot basic concepts about 
tbe physical v/orld* 


Viiat the mepositivists of Vienna and Berlin found 
lacking in l^ach were two things! firstf my account of the role 
played by aathetaatics in physical -^fiocondj any indication of hiw 
to handle certain tanaa that played an essential role in physical 
theory and tiiat could not be <jtirectly linked to obeenrahlen* 

Here cones Poincare# AS is w^l-^kncwct Poincare Introduced tdiat 
later on v;as called the Gontrentionfilil^ Hiesis* For hijs« tiie 
laws of noctoanias are ody jeonvdatlonbf alihou^jphe insi8ts<«citot 

I. 

arbitrary conventions# are consrantions bavins an ejqpi«rl-* 
beatal origin# ^erii^iJtk foundV of scieice t» adopt 

then# In laiis line «*t tlif ®e*it c^ Pitneara vm to slick 

that in addition to teaw; that ccdill be dimtly related to 
observa'HaBiSf «ci*Bse,44uuUi|i« Itiecl^tlcal t«cas and that 

theoretical tmi a^ 'es^npiied sfathmUcal language* 

/ ''' ' \ \ 




J?ol© of fflatdioisatlcs woifLd iihsiii be to s©rve sis aft 

\ 

iftstrumoftlJ ior the Introductioa of theoretical toras, 

\ ' 

\ 

aids is the ^ecoad compoaeat of the Vienna and Berlin 
schools* \ 

I 

A "iiird ooB^oftont comes from the treiaondous 

I 

revolution in logic of the Frez6-\^itehea(a-Russell school. 

Ihey tried to ishotf-* and they were convinced that they had 
shown-that in fact matheaetios can be reduced to mathoma'dcal 
logic* !ihen, theoretical textas finally can he ejcprassod 
in the language of mathematical logic* In tills lino of 

1diouf^t| Eiathoaatical logic was finally the tool uscd^ 

particularly hy the Vienna 6ohool» to eatress what 
scientific theories were* 

i 

Vith these todls» the picture at ihioh they ? 

arrived ifas a ploture that is known today by philosophers 
of science as the standard view*** putaan has called it 
**the received view* and this is a sort of coined expression 
that Is being used by many of the cont^orary phllospph«srs 
of science* litoat is essential in this view V In an extraaeb) 
condensed and rou^ v^KPsicn of itf we could say that Idie 
standard view maintains that a sciotitic theoryi in order 

3 ?^ 




to d6G0X*vc "tiilB 3houXd J^ingULly toe es^rcsued ad 

BOias sor^ at asdofflaljic syslieM* Bie degree of foitaaXi* 
sation of these systems may vary very v^ldely# hut the 
structure of the system ou^t to h© about the samoi 
having the following el aments j a) a haslc vocabulary 
with throe dlfforent kinds of terms, namely, logical 
termsi observational terms and theoretical terms; 
b) axioms that could establish the interr<aatlons among 
the noJti'rlogieal terms; c) rules of inference to allow 
for dedxiotlons from the axioms* Xn so far as the 
defenders of this view stick to the verifiability 
theory of meaning^ the empirical data- the observables- 
are the raw material of "^e system* Ihe observational 
vocabtilary is the core# Bvesything else should be 
esi^ressed in terms of this vooabdlary# Uie logical 
part of the system was dust reduced to eatress the 
rules of the gemet the Internal r^es of the language 
that is being xised to oj^ress the theory#^ 

It was soon realised that it was necessaty 
to add a fourth element in <xpder to attach the sys tem 


\ 

38 ^ ' ^ 




to the groundt the oorrespoMence rules, Baey were 

Itttroduoed to perform three ^uite different fmctlona, 
although sometimes mixed together, ^irst, a 
coress^oadenoe rule fiefinea the theoretloal terms. 


Second, they (the oorrespondenoe rules) deteimlne the 
cognitive content of the Iheoretlcal terme* In the 
sense that a content ^ "'-o 

related to experience hy means of the verifiability 
principle, Shlrd, a point vrliich is aometione over- 
looked-"- these correspondenoe inales specify oade 
and for all the admissillLe types of experiments by 
means of whioh the theory is attached to reality,^ 


Ibis is in a nutshell the-standard view. It ' 
started withna theory of sciencQf as a theory of 

scientific theory. Scientific theories, so it was 

« 

heldj should work this way, Sttien the whole sohool 
developed in such a way that this sort of a schase 


became also the standard ^applanation for all knowledge 
It became not only a theory of science but also a 
a Idieoi^ of Qo^iitiva signfficanoef of cognitive 




scafilnfs# AwytiiiftiS that v/© ©ay tiiat has any cofinit^-ivai 

morning mnst have sons way or another an ir^liolt schoEe 

q£ that sort* wc nso that are not djjreotXy 

must 

related to ej^erience and obsorvatloiif v/eSfhave ©one 
oorrenpondenoe rules that link \4iat ve say with 
esKperienoo* If notf we are in {aetaphysics andy as is 
well-knownf the aim of this sohool was to kill 
mo'l^aliyaiosv 

But ’Uiey went even fvn^ther* positivistic 

sohool also developed a theory of language ^eh want 
far heyond the theory of soienoe* lanmagor for therai 
consists of ohsenration s^tenoes whose only non^Iogioel 
terns are ohservatlon terms* and oertain assertions use 
Htheoretioal* tamo* ejgpXloitly definahle in tarns ot 
ohservatiottal twm#' In this way* to he oomistent* 
litey had to develop '^a tteox^ of how human heinga 
aoquire language* Shun* it was held that we initially 
acquire language through denotattoni pointing* pointing 
to sense date* pointing to oh^eots* And everything 
^ee should f Oiew hy definition* starting with thie 
denotatioa that i$ the U»U atone in language hMildlmi*^ 




f 

!Ehi.3 to lae is an extroaely iaportafit poiat 
that, ^iaa .not teen sufficiently ^haslsecl by tlie 

critLce of the heo-^ositivistio sohoo. Meo-^ositivlats 

’ 

wxje obliged to build vg a tlieory of language of the 
s6^t we 1 referred to above * Jind they were obliged to do 
so booau^e after all language was for ‘them the element 

I '' 

that prb?^ided the rules of the game within the ^ole 
theory;' Without a theory of language the whole 
structure ^wuld oollagise*’ And the theory of language^ 

L, 

to be ojoji^istent viith their position, had to be of tiae 

' I ^ 

l^e df crude eagsirism we liave just mentioned# Dole 
being sdi it i^ould be onoughtto demolish their theory 

T i 11 

l^^n^^i^e acquisition, to demollBh the whole theory* 
W hot going to do that, hov^erver, because we 

'I 

prefer to follow the historical way taken by the theory 


it^^elf j' 

/'\ 1 ’ 




!Ehe theory started having diffioultlest some of 

lieia indeed very serious* 32a,e first one had to do 

I ' \ 

^ith correspondence rules* It was thougit that 

^rrespondence rules were definitions, ,direct deflnitioj 

r • 

Xt was Hudelf Carnapt the most outstanding esq^onent of 
tha^ doctrine In purest form, who raalls ed that 
wr single terns used in conaaon language, and quite 




esBentlal In soiBHoe, could not be directly defined on 
the basis of correspondence rules. 

Hie eocomple he used, and that became the standard example 
for this sort of analysis, was "fragility". What does 
it mean that a glv|» object is fragile? In accordance 
with the doetriua of the aohool it would suffice to 
provide cerrespondenob rules for the expression "x is 
fragile" in terms at! obsmables. We could establish, 

/,, r 

for instaAcei W equl^a?..eac^. toottfeen* 

/m^ Is fragil^J® 




•at ^ time, if * i" 
iheh/x wUl break at that time".- 

y 


in Xact» all disposition terms,;, that is, terns like 
«f^," repressing dispositions^ properties would be 

dsiinied in the same way* ?»“ -I® 

the/suoh and suc|i an event will takapleoe". But her, 

/) in Xt$ trap* I 53is reason 

the leohool was o^dSdt; m 

,is as fonews,^ tts ^ school .was, 

we have .,fen|lonrt above, the ftege-Wblteh^d-BussSU 

l^glc. in tWs logio. «“> oondl^lonsl* 

1 ' / •Biea...’." ^ 






has an. oscbanslonal In'tezpra'ba'ti.on according *bo v/hi-ch 
any conditional statenient of this fona Is true ^ 
whenever the antecedent is false, ffiiis laeans ' 

u 

that the esspression (g) is true of any obifect x ^Ich \ 
has never strucks ahd that in this case Ihe expression 
(t) is also true* In other words* an object x which 

, .r 

was never struck would be* definltioni fragile*! 

\ 

But this is not the meaning we attaOh to the word 
fragile* !aierefore the intended definition has felled* 

X an not going to dwell any longer on this 
socemple that became a dsssio in this fields nor on 
the various attempts made to |>atoh ijp the holes* 

i 

Carhap himself proposed to replace ihe shove 
definition a set of partial definitions. Ihis 

I * 

1 ‘ 

works,|ln the case of •fragile* but it does not work 
in the) ohse of other theoretical terns* !l!hls 

I. 

\ I 

situattoi led to tiro kinds of developaanta that had 

' I , 

serious cohisequ^oes for the doctrine*^ 

Xn the first place it was realised at not 
only the def inltion of theoretical terns but also 
the adfi^tlflc lavs* were eoadltional atateaedts 
of a type odLled coiurtM^rf actuals (or 




j 5 ul)dufiotlve conditionals) and that the logic of Ihe 
count erf actual conditional presented serious protOLcmst 
It was thought that modal logic mig^^t solve the 
problenit but It did not help much, idea 
gradually emerged that the ^tensional interpretation 
of conditionals had to be given great \ 

progress made by intensionel logic in the last two 
decades may bo attributed^ at least in part« to this 

sit\iation* ^e second kind of development had to do 

\ 

with the veiy possibility of establishing direct 
links between the theoretical terms of 1he theory 
and some observables* Here againf the idea had to 
be given tp and replaced by a much milder version of 
enpirloism«' !Qiere is not direct eopirioal 
inteipretation of each one of the non«Iogical terms 
inisroduced in a scientific ^ecry.' Xt is the theory 
as a whole that could be aiven an espirlcol intexpretald 
Hhe theoretical terns acquire satirical meaning thro\t^ 




taae empirical meaning attached to the theory# 
and not vice--versa, VJhen you make an eaqp erimont 
yc3U are testing a theory nest a term within it* 

So the oorrespondenoe rules do not function at all 
the way it was thought* 

But this was not the end of the difficultieo* 
^ere were many others * 1 shall mention only one 

that ploys a fundamental role in the position taken 
hy defvelopmental ^istemology vis-a-vis empiricist 
theories of knwoAdge* 

One of the main prohlems that remains in 
the official view of scientific theories refers to 
the concept of «direotly oTjservable*** Whether 
you brieve that you have direct definitions of 
tlieoretioal terms In terms of observables# or that 
you provide eng»irioal meaning to the theory as a 
whole and not to each sln^e term# in all cases 
you end with the concept of direct observations* 






Of cours6 dofgniders of idie schools vfo ajr® 
referring to were readly to accept that^ hhotever the 

definition of observable adopted^it was very diffioulb 

to draw a line between observables and non*observatiilen* 

A property inferred fr(»n Idie measurenent taken by ah 

instrument may be considered as an observable by a 

physicisti whereas a more strict philosopher would 

reserve the term observable for properties that are 

directly perceived by the senses* Here there is already 

a probl«B> is it possible to make a distinction between 
observation terms and theoretical terms t Ihe answer 
was dearly negative but there is a more serlotjs 

I 

problem* let us assume that we draw the line somewhere#! 

' I . 

Is it possible to maintain that there are atleast some 

observation termsi i^e#* some tenna that could be taken 
as directly observable in an absolute sense ? Ihe idea 
that the answer to this question was also negative,i#:a 
that sc-*aeiled "direct observatfons" involve acme 
sort of construction by the observer, «aerged very 
slowly# We shall come back to this question In order 
to show that genetic epistemology has provided a 




a^sv/er I;© tjiis probXBUf afl ansvfor “that; toT 
the first time places suchna philosophical question 
ih an es^erlmental context# 

We shall stop I at this point, the analysis of 
the interrteil diffioatiea of this view of science* 

Vfe shall ask ourselves a more general question* 

Assume t:xat in fact all serious questions have been 
ansvfored# What Is then the status of this theory 

of scientific theories? Do scientists work this 
way? Wellf as you knowt if you look into any 

presentation of scientific theoriesf the smount of 
axiomatisation is very small*' You find partial 
aximatisations with varying degrees of formalisation* 
Moreover you reach axiomatisation at a very mature 

lev^ of a science*' You know that even In Newton *8 
Meohanlos there are still serious disagreements about 
the proper way oY axlcmatisins it* SCf the official 
view hhs not reflected the way scientific ftheoxles work 
Much less# stiUf Ihe way soiimtists work* 

fhe most clear-out answer to this ob^ecticin 
was given by aelohenhach* Solence« he woxad aey 




i.s produced In a chaotic A theory of 

science should not attempt to ei^qjlain how 
scientific theories are built, how they come out 
of the mind . of scientists. Its task should 
rather he to Justify, to establish on firm 
grounds the claims of the theory* Both objeotlves 

are quite different# Xn his hook ^Bs^erience and 
Predioticn^ (1958) Relchenhaoh introduced a 
special terminology to refer to them. Uie first 
task belongs to what he calls “content of discoveiy**} 
the second, to the “context of Justification*** 

Ohe fomer is the Job of historians, sociologists 

and psy^diologists* Xt does not belong, according 
to ReiChenbaoh, to the theory of science* 

Philoscphy of science is only concerned with the 

latter*’ 

once the role of the philosopher of 

i 

solence is confined to the ccntecct of Justification, 
th# methodology to b© used follows as a simple 
corolXaxy*' He has to divorce the claims of a 
theory from the prooees through which it was 






arrived at. In order to do that he would have to 

rebuild the theory oh a ^rational basis«. His 
task is therefore fto prooeed to a “rational (logioal) 
recoAstruotlon of sciehae“v 

Vlith this additioni we see lhat the final 
picture of the official view is a rebuilding of a 
theory resting on three pillars that represent three 
oleaivout diohotomies «a)the dichotomy between logical 
sentences <analytics the rules of language) and 
mpiricaX sentences (synthetics based on observables)i 
b) the dichotomy between observation terms and 
theoretical terms land o) the diohotomy between 
discovery and dnstlfication# Let us how refer to 
the thrid one.' Towards ihe end of the fifties and 
the beginning of the sisties« the idea started to 
grow that an adequate anlysis of theories would not 
consist in a rational reoonstruatlm i that you oaimot 
^alyse a theory independently of the we3r in which 
this theory has been fomulatodi and that it Is within 
the context of building np thts theories that you 






00 ul^ disoover# firsts the reaX meanihg of the theory 
andii seoohdi the weye Ihidiloh you are going to iJustifyi 
it* So the poeltloA h^d by Reichehbach was rejected* 
Ferheps the most influential of the oontea^orary 
philosophers and historians who have stood vip against 
the standard vlew^ and probably the aost well-known of 
themi is Kuhn* With 4his theory of scientific 
revolutionst Kuhn started a revolution vMoh still goes 
on«‘ His main contention is that the history of sdence 
indicates that scientific change is fundamentally 
revolutionary# ahere is no continuous growth of 
solence* Science grows by jumps* Science has periods 
of iviAternal equilibrium'* so to speaks and then at 
a certain moment it Jub 5 >s# it undergoes a revolutlonv 
It is during these revolutions ti at you get the real 
px*o^ess of scleiwe* Mow# the defines scientific 
revolutions as tbose nosHSumulatlve developmental 
episodes in whichan older paradigm is replaced in whole 
or in pert by an inccmpatible new one* As everybody 
knowSf paradigms for his are aocei^ted exasples of 
actual scientific practice* Iheae examples include Xm 




th€!Ciay> a^fpllcatloA om instrutaeatatloA together. 

5Si0y provit<le laodiels JFroja which spring partlculcr coherent 
traditions of scientific research* Xhe idea is that in 
periods of quasl"Gquilibrium you have a sort of standard 
practice of scdenoe that is accepted by the solentific 
comaunity* and that science develops inside it*‘ Xhls 
is what he calls normal science. IlormaX sGie{ice» i.e* 
most of the science which is found in everyday praotlcei 
is devdoped within the poradlghf within an accepted 

framev;orIi^*‘ ^s frepewerh provides the accepted 

t 

practices, from esperlmenbal practices to concept 

building*' Shose vdio solve prohl^as inside this paradlga 
are* according to Kuhn, sl 2 |»ly solving cuzales within 
an accepted theory; they are ’^uzzle*»6olvers«. Puzzles 
or queries are particular problens inside the system. 

!flaey do not question the systea*^ 

Here we find an iji^ortanb point that Kuhn emphasisac 
a let; Within a given theoiy if you have a prohlua 
and you do not solve it* it ie not the theory '^lat is 


395 ' 




blaiaeiit it is the researcher who daould be bletaed, Xt 
is a personal iailiire not a failure of the theory* And 
this is normal in science# Howeveri if you look for 
solutions to a speoific problea and fall| and everybody 

else fails for a long time» a point will be reached 
after vhioh it is not anymore a puzzlet it becomes 
a real prohLemf it becomes a crisis* At a certain 
moment a revolution will have to start in order to 

solve it#< fhe ancient paradi^ collepses*' 

Sof the main contention of Kuhn's theory is 
that people generally practice normal science, except 
in various specific momentsi which are the critical 
mements In l^e Mstory of sdenceii when the wdiole 
science enters into a crisis and has to jump into 
another level of analysis. How* the problem that 
he Was ashed to answer is how the choice is aadet^ 
ind the answer given by Kuhn is very central to our 
problem because it Is practically the only alternative 
left when you stay in sociology of knowledge or in a 




csertaltt kiM ot a psyehology o£ kaowiedge, 53ie anaver 

iie providea i.A oae of the latest papers he has published 

Oft this subjeot is as follows* «Ift particular# 
coftfroftted with the problem of theoiy-ohoice# the 
structure of my respoftse rufls rou^y as follows* take 
^ gSPQUP of the ablest available people withthe most 
appropriate motivatiouf train them in some science and 
in the specialities relevant to the choice at baftd$ 

imbue them with the value system# the ideology# curreftt 
in their disoipliae (and to a great esrtettt in otiier 
scientific fields as well) I and# finally# let them 
make the choice^ ' If that technique does not account 
for sciefttifio development as we know it# then no o-lher 

will# l^ere can be no set of rules of choice adquate 
to dictate desired individual behaviour in the oonorete 
oases that scientists wiU aet in the course of their 

careers# vfliatever scientific progress may be# w@ must 

account for it by examining tdie nature of the 
scientific groi^f discovering iidsat it values# vdiat it 
tolerates# sM what it disdains*# 

3^7 




With this foraulatiofl it is not surprising that Kuhn 


he accused o£ «£ollowing the aoh rule>* in the sense that 
iiniilly for him it is the najority of the comunity that 
viQuld decide how the choice is madei He defends hiasoLf 
s^ing that this is not the case because scientists« as is 
shown by history^ do not choose "cl^st anything*** ind the 
fact that they do not choose dust anything is part of the 
scientific attitude* Hore the tries to establish a sort of 

a linitft to introduce a deaarGation line# different froa 
ihe well-known Popperlan demarcationi ikx in order to 
s^arate what would be an irrational choice from a rational 
one# I will not go Into this interesting aspect of the 
Popper versus Kuhn polemioti 

Kuhn*6 attitude has been colled by Popper **0 danger 

ous attitude for science**#: He calls it dangerous for two 
reasonst a ) for his appeal to hiatoryi sociology and 
psychologyJ and b) for his concept of a progress made by 

j 

dun^s«1 

popper gets really \g>set by Kuiim*s ref^ence to 
the disciplines above#' In Ws respect he sayst 

Cannot eontiude without pointing out that to me the idea 

, 3^8 __ 




ot toning for enli^tenient concerning the aims of 
solenGCf and ite possilDle progresei to sociology or 


to psycliology (or* as Pearce WilllaFs recomaendSf to 
the history of scieme) is sua^rising and disappointing*' 

Xn faot^ compared vjith ;;.hysicst sociology and 
psychology are riddled v/ith fashionst and with uncontrol- 
ed dogmas* Ihe suggestion that we can find anything 
here like "objective, pure dsscription» is clearly 

mlataltett. Baeiaea, how can tha resroaa to those often 

spurious adenees help us la this parUoular dlflioiaty? 

It IB not soololosloal (or psyoholoslcali or historioal) 

flnt«ne« to idjloh ywi want to appeal la order to deoida 

v*at amouats to the question What is soienee 1 or 

>bat ISf la laotf aowwl la solenoe t 

in oia»er words, lor Pepper, psychology, 

sociology and history are underderdleped seienoes, 

so to speak. Bw have not read ad nautrlty. How 
oouW they help m aehjtevlng the task that the «*t 

preolse philosophy ot'selenee has net been able to achiw 

» 




Of courS6ir iSxia Is an {3^p]?oQXatlOitii ■fchat coujLd tie easily 
aKtswered asd we atiaiX <3o so fui'ther ea*' 

!She secoM Popperiaa ots^eetlon against Kuhn 
Is that| for Popperi what Kuhn eaZls "normal science* 

Is oiily "mediocre science"* He says in this coanectiont 
"In my vlev; the "nomal" scientist, as Kuihn describes 
hlm^ Is a person one ought to be sorry for* (According 

s 

to Kuhn*a views about the history of sclenoet many 
great scientists m^ust have been «nonaal"| yet since I 
do not feel sorry for them, X do not thinh that KuihA*& 
views can be quire rl^*) llie "nonoel** scientist^ 

In my viev/# has been tau#di badly* I beHeve, nhd 
so do many others, that dX teaching on the University 
level (and if possible below) should be training and 
encouragement In orltioal thinking*' She "nomal* 
sclentistf as described by Kuhn, has been badly taught* 
He has been taught in a dagaad-c ^irlti be is a viotha 
of iadecla-ination* He has learned a technique which 
can be supplied without asking for the reason why 
teapeciwelly in quantum mechanics ),j An a consequence# 

r 

• »• 

he has becone rai^ be called an 




in contradistinotion to i4iat X should call a pure 

He ls» as Kuhn puts It, content to 
solve 'Ipuazles'*,' Ihe choice o£ this texm seems 
ton indicate that Kuhn wishes to stress that it is not 
a really fundejaental problem which the “normal* 
scientist is prepared to tadflet it is, rather^ a 
routine problem, a problem of ^plying what one has 
learnedi Kuhn describes it as a problem in whioh a 
dominant theory (which he calls a Iparadiga*) is 
applied*,'* 

£^ 0 , extra ordinary soienoe is for Popper the 
only seieme, and it has a continuous growth,! He 
•proves* this by referees to the history of science«] 
Kuhn answ«»» that this Is not the oase and he also 
proves** it by reference to the history of science* 

It seems therefore that everybody is now doing history 
of science in order to prove his point in philosophy 
of science* philosophy of soieace and history of 
solenoe have tsoffl* together more than ever* But by 
IcolEing into history# people get entirely differ^ 

mayrm^ iMs is an i8g?ortsAt point to which we shall 




iiav^ to come 'back* Hera I will ojaly indicate 

Iddat this intro due to i*y lecture does not pexmit 
me to review the extremely interesting polemic 
going on between people like Kuhn» popper» Feyerahend 
Lahaton and oldiers* t£ we oodld go into it» we 
could draw very in^ or tent lessons hy looking into 
the type o£ arguments th^y provldei this will 
illminate not so much the suh;)ect of the discussion 
(and I apologise ior daring to meke this statement) 

as the kind o£ arguments they are using to prove 
their points^ ^is would he a lesson about 
epistemology as it is currently praotioed hy 
philosophy of scienoe» end the shortcomings of soma 

of their methods,, But we should have to leave this 
analysis for another oooasian»; 

vn now lesvti at this point, our general 
Comments on what we have celied the '^standard view*^ 
^ science and its evolution in the last decade or 
two* list us now address ourselvas to the main 

suh^eat of ■Q^is seminar* Within the context of the 




paiAoraiaE wo Stave lOVitswaapised^ how does dev^opaadtal 
^isteaiology fit into the olher positions or rather into 
the type of analysis that has beesn laade until now ? 

In other words* to put it bluntly* why developmental 
^Istemology? Before trying to outline some of the 
answers that genetlo ^istemology has provided or that 
oan be infeed from it^ I win refer to our introductory 

comments^ ^e basic idea of this leoture is to present ^ 

' \ 

genetic or developmental epistemology as a theory of i 
knowledge in its broadest sense* In this respect we 

want to show that the role played by genetic psyoholpgy 
within the theory is not only quite relevant to the 

clarification of basic issues of the foundatton 

f 

of scientific knowledge* but it is in fact an Ines cep able 
vray of doing so*’ 

Let us start by picking \diat seems to me 

to be the most important Haw in current positions in i 
the philoeopi^ of science* Every theory that tries to 

offeraan eaqilanation of how sclenes works and how 
soientifie sssertions are validated* offers in fact a 




1;Iiooi*y 0^ bu't ^oqs not; f 3 ££e 3 P o tihoory 

o£ validation o£ the validation# What As the 
criteria hy means of which soebo assertion or some 
theory is validated 7 It la quite clear that the 
question is legitimate and that it should not he 
answered hy malting an infinite regress# 

How could the theories of validation M 
Validated 7 In the schools we are criticising, 
there is no effort made by the authors to validate 
what they say«! But there is something more serious 
than this# In general, all these theories refer 
sub.ieots* to human beings who are the subjjeots 

in the act of knowing. If you put together what 

© 3 q)lloltly or implicitly is being assumed in current 

theories of knowledge, you find all sorts contradio** 
tiry assertions or assui^tions about the actual 
subject who la doing science* In generalt there is 

no indication of whether they speak about a *>natural 
sub^eot«, i*w# any adult who happens t© enter into 
science and therefore has a **natttral way* of 

or reasoning, refined by solenoe by naturali 
or if they refer to a very idesX kind of sub;ieot 




who could he the '*iaah o£ scienee**i a mad \ho will get 
together with other colleagues in ihe comiaunity and 
have a special aptitude to take decisions ahd special 

attitudes about this«' Now§ "^ey have to choose betweeh 
the two assumptions# If they refer to on ideal subject^ 
the question they have to answer Is* what is the relation 
between this ideal sub;ject and acutal subjectt the 

scientist in everyday life? For outside the laboratory 
and outside the writing of specific scientific assertions^ 
a scientist behaves like any other man end does not . 
use special ways of esq^ressing of «flndlng« things or i 

events* On the other hand* if tdey refer to the natural 
BubiJeot actually behaves in the they describe or assuwe 
it. In particular* aapiricistB often refer to how a 
subject learns* for Instance* language* or learns this 
or that. And. there is no es^irioal test or no ea^irlcal 
work to show that udiat they say la anpiricaUy true, 
is aaplrically verified.* flidF* therefore* attribute 
to the subject# within an et^lrloal theory* obtain 
attributes* properties* ways of b^iaving that have not 
been subject to espirlc v®pi loatlon,# fflie ^nstlfication 




thus raaains hsuigijng on air. Oherefiore I’u 

a austification \dthinthe system.' 

DfeVeXopittental epistemology has olcarly 
shown how to obtain an awawsp to the above problem.' 

Paradoxically* Piaget* being essentially enti- 
empiricisti put the problem in such terms that the qua 
question could be brought from the level o£ abstract 
formulatiens and speculative philosophy down to the 
eiqierimental level* 3he ioor was thus opened 
for ah eo^irical refutation of the empiricist theory 
of language and knowledge* Ihe baits for this 
refutation consisted of shoving simply that liie 
process of kno^edge does not take place* in 

way described by the tenets of the nec^oaitivlstic 




schooXst neither at the 3ov(^ of concept formulation 
In an individual nor* historically* at the 
sociogenetic l«v^* And here genetic or developmental 
psychology was the toolmused in order to prove 
thin <ipistetologioftl point* ^e assertton ve made 
at the beginning! in the sense that the findings of 

>f6C 



devolopmoatal epistemology disqualify la a 
ooAcluslV’e pi*evlous ideas oa the foundation 

of sciaacOf finds here uppHoation* We heXleve that 
■Ui® monumental experimental work of the Geneva school 
has left no doubt that the tenets of the eo^lrlcist 
school can no longer be accepted*’ 

This leads us directly to the second point 
V7ant to reformulate from a developmental 
perspective* we have already mentioned that both 
Kulin and pepper resort to the history of science 
when they do net find a firm anchor for some of 

their assertions about how science actually works 
However* from the stan(%>oint of developiaental 
^Istemolegy# the use they make of the hlstoT’ 

of science as well as l!he use made by Kuhn of the 

psychology and sociology of knovrledge^ does not 

touch the npfsteraological problemsi they toixch 

only the surface of the behaviour of soienUsts 

In a solentifio oomaunity^* 

We are nevertheless closer to Kxhn in 

at least two of the most is^ortant points he has 
made in his theory of soientifio revolutions^ 




W# GV©n ijhink tha^fe *bh0 cafse foi* aach on© ot thoja'^ 

©ould Do made stronger ttian An l^ulin^s presentation, 

Th© first point is conqejned vjitii what viq noy call 
the r^ationship between “Weltanschauung« and 
paradi^ in soicnoe, I vxLH briefly refca:" to the 

best historical example I Unov;i the principle of 
inertia in ihe ancient world# 

As you tnowp Aristotle did not accept it* 

For hlisi if a body is in lootion^ it is because there 
is a force somdaour pushing this bodir* If the force 

does not act anymoroi the body stops* 3he force 
produces the mottonj if there is no force* there is 

no notion* fhe most es^lioit re^ootion of the Idd^ 
of inertia X have found in Aristotle^s text is in 
oonneotioa with his "Proof" that the vacuua does not 
exist* He first shows that a notion would not stop 
in the vacuum* SBiis being obviously absurd for hln, 
he conoludea that there can be no vacuum# 

In parall^ to the great period of the (h-eekSf 
there was an ii^ri^sive sdontific davelopmcait in C hin a 

I 

Xn ccn?tain ai^ecta the Chinese were ahead of the {h'eehs 

Hot 




ThiiS is ’biis £ov the subject vfe are cojialderiJi|^» 

lae Chinese oontoEiporaries of Denjocrito had. already 
foriaulated the priflciple of inertia in the laost 
preciso ifays if you havo a body in notion and no force 
is acting on it, the body will continue to Eiove 
eternally* Two thousand years before Gain go, there 
is a Chinese text that enunciates a principle like 

this* And they add something that may hurt the 

intellectual pride of the Occidental Worlds »And this 
is as cheer as the fact that a cow is not a horse*** 

How is it possibLe that two different 
communities, the Gre^ and the Chinese, bdth at a 
very hi^ level of intellectual development, arrive 
^t oono^tions that are so different^ How is it 
possible that one of them considers obvious what is 

absurd for the other? Moreover, hofw is it possible 
that m had to wait two thousand years in the 

occidental world to arrive at a principle that for 
the Chinese was as evid^^t os the fact that a oow is 
not a horse ? 

1 think we can find an eaplanationffor this 

i ' to? 




surpi*i,s5.i!i^ hls'bor'j.osQ. fsioti ij? we loolc iiiore dc^fiZy 

into the basic philosophy of the Aristotelians and th 
of their Chinese contcfi^orarics. For a large 
section of the (h^eeks, in particulor for the 

Ariostotdians* the viorld id static. Evcrytiiiiig 

in the v/orld is at rest unless it is forced to 

move and this can happen for tvfo reasons onlyj 
either God is impressing the motion(siioh as tii.a 

case of the stars for Instance) or else, oocaGbody 

forces the body to laovet If we exclude the acts 

of Godt which produce what Aristotle calls the 

"natural*♦ motionsf every other motion in the world 
is a "violent" motion# l*e* the result of violence 

exerted on the bodies. If nobody produces any 
violence on any material ob^ct* there will be no 

other motions in the world except those produced by 

God. Violence takes the bodies out of their natural 






place? j/iJhes’Q Is a natural order In tlio wojbld vith 
stones below? watcsr above? air above the water 

I 

^ I 

ojfid iire above the air. If I let a stono foil doim to 
jMh? it \^ili do so because it will searcla for Its 
hatnjral place* Once this place is reached? the. body 

j I 

-Irfill stop and will rei&ain at rest* Within this 
conception? within this Weltanschauung;? the (hi’eeks 

did not need to explain rest? because rest is the aaitKx 

natural state for everything in tia universe* On the 

other hand they had to esipalin motion and they had 

to find the cause of it* Ibe cause is a force? i*e»’ 
a violence eserted on the body# When the violence? 
the force ceases? the notion wHl stop iinless the 

body is out of its natural place because? mder these 
circumstances? the body will take a direct motion 

what will bring it down or up to its natural place* 

Hie philosophical coaception of the Chinese 

was quite different. For the Ctiinese? the world is 
a becoming? it is a continuous process of change* 




!Sie t'florld is evolving; all tiia time and ev«rythi::ig i/ithln 
it la also evolving, 'lhere|oro motion docs not 

need to be e3{|)lainQd, \vhat they need to 03 ^lain 
is rest, You need iorce to keep somotliiug at rest, 

to prevent the natural bocoming of that sonetliing in 

its development within the universe. If there is no 
force, the body ^411 oontine its natui’a! development* 

We only now need to recall the fate of the 
principle of inertia in the Occidental World, After it 
v/as "discovered** dhring the period of Grlileo, ^ 
Descartes and Wewton, the principle was alternatively 

considered as rather absurd and difficiilt to accept, 

as entirely evident and needing no o3<planation and, 
much later, as s principle that is neither ovldont, 
nor rl^t, nor wrong, nor absurd, but rather a 
regulatory principle within a certain struo'tnjre of a 
theory of Mechanics* proves beyond any doubt 

that the acceptability of a pi^'incipl®, such as lh .0 
principle of Inertia, is linked in a very fundamental 

way to the ^ole oonosption of the world or, at least. 




to the oomq>tioa of the particular hronoh of 


science to vihioh it belongs, this in turn being 
linked to a particular society in a parUcular 
period of its histo]^* 

us ttovi turn to the second point with ^ 

J 

we find ouraolTes in afireeiJent with Kuhn, althou^i 


wo shell afler in the eplstemologloel inteipretatlon 
of the iaets. We egrea with Kuhn-e conoeptlen of 


history in that it is not a eontlnuous process but 
one that gees by dtB9?s, Kuhn explains «iese ju-in 
in the history of selenee by an aco^blatten ef toubts 
about the theory whioh, at a certain moaent, take 
e.e form of a crisis. Fw«» the start point of 


developmental 


hovev«P, ve bellev® 


iusps Obey to nunh nor. fund^o«tal 
p^lnriples out of'whlch this evolution by dunps 

hecomes ^ 

T ftifi obliged to make a brief 

Trfiiat 1 mend ^ 


ooroUiax^* 




iJicux^sii^QA iAto soAe aspects o£ PlAgotiaA 'fchGOJcy tha't 

have beoA v/idely mtsuAdorstood, lhay are related 
to the role ot strueturallsm 1a Plaset»s oono^tion 
oi' ^isteiBolo^. fll£^t from the start of developheAtol 
^isteaology. It is not structures vhlch f;haracterise 
the cjvolutioAp but fUnctlona* The motor of evolution 
AO matter uhere* are functional properties# not 

structural properties* 

As Is v/ell luaown one of the basic tenets of 

Piaget*s positiCA isucofttinuity between organic and 
cognitive processes# based on the fact that both, 
processes involve an adeptatlon of the erganista 

dlto its environment*' 5lore precisely# Piaget has 
frequently ea^hasised the fact that there is a global 
ada^ptation of living organisms to their enviornaent 
end that biolosioal and intelleotuel developments 

are only partinuler oases of it*- 

Ift>w does Ihis a^is>tatloA takes place? Piaget 
insists that# in both oases# adaptation involves 




^ cqulli,'brj.uni a^slmiXa'tloini and accojaoda'fci&ja* 

3Srie nature of the equilibrlm is clearly different 

in one case and in the other and It leads to r.uite 

I 

different Id-nds of structoes, but there io a function;^l 
continuity be Ween organic and intellectual 
acjshni;).ations* Ihere is« therefcre» a process of 
organic ©trueturaliaatlon (if wc nay use this English 
neologism) as there is a process of cognitive 
stmoturalisaticn* No one can i/yiore the specificity 
of stxtuctures at each level* Ihe meohanismsf the 
functional factore involved are characteristic of 
evolutiont not the structural properties in each 
domain* 3Mfi| the ao^hasls of the thewj'' is on the 
to 6trt»tura‘*(now rare in English language) 
rather than on the noun “structure** In this 
active process of structuring-' bolh at the organic 
level and at the cognitive level-' the struoturea 
arrived at do not form a oontlnuwa* They come one 




after the o^iier throu^ a ciiscoatin’jous process» 15ie 
systei3 ^ either organic or cognitive- ^uaps^ so to 
speaic, from one structure to anotlier at discrete 
intervals# This is perhaps tlie best known oi all 
Piagetian findings and X v/iU not dahorato on this any 
further# The point I will now make is that was 
found h;’’ Piaget at the cognitive Xevel» and what was 

' '■'i 

mo re I or less evident at the biological levoli is becomin 

clear in almost evety branch of science today 

/ 

Let us be a little more ;^ecif io# What is b; coming 

I 

,'i 

clear are the following factst a) that a sort of assi- 

'' milation /takes place in oil open systems interacting 

- \ , 

\ 

] with their environment? b) that this is so even at the 

/ ' * ' 

/ 

purely physical levd? c) that this assimilation 

I process is a builder of structures? d) that these 

/ structures are dnst stages of quasi "equilibrium that 
will be disrupted throu^ new asslmlXatlon processes? 

and e) that after disruption, the system vdll reorganise 




ItfiSoXX to reac^ ^mothoi* level o£ sqU organisation, 
i»o, a new structure* in order to show 'what Is 02 ant 
by tills, I m going to give an extrem^y simple 

physical example* I have some nlsglvings in using 
this kind ol an example because sometii.ies vhen 1 

have done it, It has been taken as il I intended to 
bring physios to ea^jlain the cognitive system* 

My ob;3eotlv6 is (Just the opposite* X want to siiow 
that vrhat van discovered in the oognitive system 
also works at the physical level* In other wrods, 
that physics is much olos^ to biological and 
cognitive processes than we though some years ago* 

Ihe system I am going to consider is the 
simplenij/' onft 1 know that belongs to tho category 

«e whai6 X have called "structure bulHers"* ihe 

syst^ is i as follow^-j x^et us take two cylinders one 

\ 

Inside h betweeni let us put 




Q liquid botiireow tbssra- ^uat v/ater- and oloo© it so 
tiiat there ore no surjfQce wavtas on top. Let uus now 
have a rotation of tiie two oyllnders but at different 
speodss one rotates indide the other but one {^es 

quicker (for instance the outer one goes quicker than 

the inner one),' Vou put in the v;ater soae particles 

of aluminium or something like thati ao that 

illuminating them you can see the notion of the liquid, 

1 ‘ihen the difference in rotation of the two cylinders 

is small, the liquid that will start moving by friction 

vill acquire a quite uniform motion of rotation, You 

i^ill see circular stream linqs spread throughout the 

liquid in a coo^letely unlfrm distribution, fou 

now increase the difference between the two rfttatlons 
(for instano®! you the speed of rotation of the 
inner cylinder fixed and you increase that of the outer 
cylinder). At the beginning you win see only small 




oX 'liie otroaw linos* At a ccrteJLa aonicati 
Imrc’var, mtloa will be asturbod as i£ 1^ie lit^uid 
ucs m^ot and did /lot kmn G::aotly hou to bcliave I But 
vory soon you i#Hl find tliat sotno patterns ifiV. appear 
in 'UiQ svroasa lines* some o£ tliera will get closer 
togetliGi'' iind irill indicate a motion o£ iaie iluld v/ith 
m non-honoi^enaoUB diatribution of the v&LodLty along 


tea vartioal* 



‘jiiorc iJiXl be jot atroai;i3 dlateibutod at rogular 


intervals* li you not; increase still oorc ‘fcho dlCforenca 

of speed beteeen tee cylinders^ teo stroan linos will 

again oscillate but after a certain tiirosliold tec 

circles of notion will be disrupted and you will get 

a waving motion of the partldes* Vou may nenv play 

with the difference in speed between tho cylinders, 

You increase in a continuous way and then keep it fixed* 

you increase again and keep it fixed and so on| you will 
see jiimps In tee structure of the streatn lines* the 




nxasibor of iotcej olono tlie patti vdXl ^y 


dfscreto intarvuls and, at a cortrdn ..iGa.Ait, \iic 


vfavcs that wore coEiploteXy syu’:;v^ot^ic Mill st.-irt ttXtin;:: 


and 1)000410 deforiaed Ih an cilto'.otlior ch„i;A’'otc!L'’iiitlc 


aayKiraetrio i;ay# If you inopeaoo dm .^ITfcroaco 
in speed still more, you ^-/ill orosn a tlirechold after 
which the leaves disappear and the £iotion teco^iGS 
turbulent * 

How could WG interpret this rotxer G'urprisini; 
e^^oriraent ? In the first place, lot us oKphesise 
that tl'ie v/hol© systeP is koMOi^aieouo * uio cylinder? 
ore i.ioiiio£5enGOU3, the distribution o£ lanCjiCLar speod 
liOEioGonoous, the fluid, is honoi;eneous. Ilowovor, : 
will self-orGanloation of tho uotion of “^dio 
which v#±ll acquire structures, !Iiiess striicav 
by Hie second point is, vliat irou a 

physical point of vlewf the process coulr" 
described in the following way i the 


i^i-a 




rp‘ta’&iii£j a’t a, highar apead thaa iJia JUiacr ona^ vriXl 

iji^resjs a JnoHontuia to tji© fludd that nuist be obsorbed 

157 tile fluid* If y© use piagetiEUi laflcuafio* we could 
Soy that the fluid has to assimilate the changes id 

momentuii that come from its envlronm 0 ftt(the oyliiiders)* 

Xii order to do thatf the motiom will acquire at each 
momeut tlie type of structure that will he more efi'ioieht 

In doin 0 this assiniilation(that is in transporting 
momentum from l^e outer cylinder to tha inner one)* 

'’Mat is characteristic of the process is that hy 

inoi’easing the difference in angular speed in a 

continuous wg^t the change in structure is not continuous* 
fhera will be Intefvala ^diere the structure remains about 


the same cind oscillates around quasl-*equlhibrium position 
If a certain threshold is orossedf then the fluid 
reorganises itself and acquires a new structure •' 




.i*iu osoUlfAtes ax'ound qv 


■\rulXiliriuir5 




'ttiat J-S cioj^o effioiea,t in absorbing the laonGntum ri*oi3 
the outer cylinder end transporting it to the inner 
cylinder* Here we see clearly in an extreLicd.y siiis>le 
physical csxample a process v/here asoirallation, 
accommodation and equilibrinn botv?een tiiem take place 
in a manner which has striking similarities with the 
processes described, by Piaget at the cognitive level. 

It was the merit of Ilya Prigogine and hiiit 
co-workers in Brussels to discover that all open system a 
at the physlcalf physico-chemical and biclcgloal ^evels» 
behave in this way# and that the themodynamics of 
open systems could es^ilala <diy they b^ave like that# 

!Qie theory of dissipative systems has been extended to 

I 

fflahy domains#' d'ean Perroux# in Prance# has tried to 
apply : tills, thei®y tc anplaln the economic behaviour cf 

I 

fit Hu 8lww}i ©owfaffixy to vdiat ha^ booit 

I 

( 

nil eSmislt eecncffliio theories, the behaviour 




of a Gocioty adapts itsalf to oertaia eitvlromeiiteil 

processes attd that the society iiseif self- 

/* 

structure* Ghaflces In structure toJse place 

when the houndary oondltlons in} the system change* But 

1 

these structural changes do not proceed in a continuous 
wcy$ there are ;)umps from one level of organleation to 
another level of self-organisation in a characteristic 
discrete manner* ^ 

Piaget's theory that adapt^tim of an organiam 
to its environment involves two functional factors and 
an equiXihrium hetween then# and that it takes place at 
both the organic and the Inteliectual level# appears 
therefore to be the most general law of evolution at all 
levels for all systems# She old scholastic dletuai 
»Aatura non facit saltus" is being entirely dmaolished/ 
in this wey^ on the other hand# ■^e Karadst dio^ i 

H 

Of a eha^terifttin prases* of evolutSnn tla^ottghmrhiidi y 




which thara is a transforaation of quahtity into 
quality* a rather vague formula hot very well-fouhtled 
in Marxist Xitera$ure* may ha ra*interpratei la this 
Mf&jt and provided with a very aolid foundation* 

I 

let us nowt after this long digreasion* oome 
/ haoh to the suh;feot we left p^dijog* !Ehe findings 

j 

the Piagetian sohoolt after more then half a oentury 

a' 

: Of esg^terimental worh» have proved in a oonelnedve 

^ 1 

manner that the intelleotual evdltition of a chifL^ 

‘ 

proceeds in the vey Indicated sbovet a success;ion of 
stages of quesi^^equilihriUR betseen essimileMon end 
aocomodatlen at different levels* But what about the 
sooio-geneais of knowledge? hoes seiance evolve at 
a continuous preeess in the way Pwer wouli olai% 



Howeveai'it OJiioe agaiJiii we agree iidtii proposals#. 

l3Ut we do not agree with Kuhn*s axpXanationa* 13 ms 
findings to whioh we refer do show that tht^e is a 
striking psrallellaffl in the evolution of cognitive 


ay's teas between the level of the child *s int^lectual 
developjaents end the level of the evolution />t 

science# Iforeoveiv and this is much mere iisportant 

-/ 

they show a most surprising identity of the 
mechanisms at work at both levels X will indioata 
what I mean by this by providing gust.one eacaa^le 

taken from a reseersh that has covered the hlstcnry 

\ 

of malteiatics end the history of physios*? 


Piaget found that in the devalopaenfe of 


yt 


genetic concepts in *dit i^hild t^r# were three^ <|Uite 

n »‘- 

characteristic staiWi tdiat he 4«3Ll«dt einfraf-fi|^al» 

f4 

igarel W# and etraJiCKfi^^sl**^ At the’first 
levePLe the child is only able to cone Sder intcmsl 




a figure^ at the seGohd Havel the flguz^a 

can he sutmerged la la system of relatiojos# Aa a 

certain context! at tjie third level the ohUd la 

able to consider transofmations of flcuree from 

a much more general point of vtew that wHl allow 

him to comhlne trans^ttinttlims. To he more specific 
let us take an exav^le which shows the dlferenoe 

between the first and the second level* a child 

at the first level is able to draw perpendicular 

lines hut he may not have the concept of horizontall' 

and vertioallty* If he Is asked to draw the trees 

on 1^e slope of a mountain* ha will draw the trees 
ptKcpendloular to Ihe slope and not in a vertical 

direction* to understand Kvertloeis and «horisonta 
which means that Iht child has to submerge a rdatl 

In a system of rofereaso emtesmd to the figure 

to imdt -until the Intellectual 

d«V^<^iiitnt of the dhild reaches me second levels 



1:^© How 1£ w® OUT atiiontloOi 

to th® history of geometry as a soience, we m«^y 
also dletlnguleh three exalte oharaoterlstlo perlodai 
the period dominated hy Greek geometry^ whioh la 

I 

a kind of a aolenoe oonoemed with the propertlea ' 
of the figures oonaldered Ifi laoXatlon from eadh 
other* v« have to wait until the 19ih oaatury 
to eee geometrle propertlia oonealyed a« 
invarlanta within a ayatem of tranaofkumittdoBii^*'' 
Quito a few deoadea after the hlrth of proiteotlve 
geometry» Klein offers a ^tlte different perfl^eotlv 
of geometry ty ahowlng that the ajratema of 
tranaformatlpna wed toy prodeotive geometry oouM 
toe explained toy oonalderlng elgetoralo etruoturea 
within whleh the ayetem of triinefflHmatlona ean toe 
Infwed from the etruetmre*^ fhe thiHsry at irmpwi 
thua providea an eatirely different level of 




I «^no^tuaX ^evftLopttettt in tii« evolution of 

I '■ 

I 

Seome'^ty« 3!he three perio<l6 In the hietDry of 

^ geometry mey be i&erefore shown to oolnelde with 

the three jperiods in the development of geonetrio 

oonoeipts la the dhildi^ Moreover en analysis vhloh 
oennot he reproduoed hers shows that this Is mt 

4ust a s%»le saelogy but that In both eases the 

meehanisM lhat gives rise to the passage tvm |»ne 

level to the sssxt are ooason to both the history of 

'X 

solenee and the ehlldren*s dev^epaent^ in 
thefaot that the aotual eonttfit of the g«oma1%lio 

- t 

oonoepts at the seientlfls leV4i& sub^ at Idle ohllaren 

level are ^tlndy different^ 

Yom nay doubt idietlier we sen prove 
hlstensally what m have saM above* ai» Is 
te mmim0 fba tlait this Is mi me olala Is 
wmm tM mamse^ Uam me hletery 
m mte epistenoloileel tme an^ 



it l>e 0 om©» a rather ob^atlva tyjpa of reaearah to 
Xliul out TNhether or not hlatory prooeeda Ijs. that irayi 
wa ‘there^OPa that davcdopaiuitat epistaniology 

haa provldad toola of raaaeroh lay oaiaAft of ahioh aU. 
apfataaoXogloal problass oould ba fonaoXatad in sud% 
a Mmy that wa aould gat oXear-^ut easwara throu^ 
aa^erXmaataX woxict aagjiaria^taX work with ohUdraa 

I 

aM as^arinaatal work tidth that narraXXoust h«ga 
aaq^eriiaaat parovidad 1b^ tha history ot maaklad*! 

fo dLoaa this Introduotoxr Idoturat Xat u« 
get haok to our atartlag polat«? «■ aXaJEat that 
davdXopttaataX epiataBOXogy la Jaot a«Cly aa 
^lateiioXpgiaaX adiooX providaa soma ahawawi 

about how ahlXdratt^a acmoiptuaX and thaoratx^^ 

■■ 

\ 

i^tana awoXtra*^ Xt la a tha®py that atta^ta 

« «a« *«■ th* *8l. tbmrr.^ 

' ' f' 

tMihy ah ai^pXaaiitdoa of tha growth--" 




c*f ©oimliifla knovfLedge* 11: 1:herGfore 
stands as sn aXtarnativa phlXosophy of 
solanoo tbat for the first tJine couXd be 
sub^jett to eKperimefvtaX test* 
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Historical perspective 

The puhlAoation of Jeac Jacques iRotisseau^s Ehile 
In 1762 introduced a revoluldLonary idea into educational 
pixilosophy, naiuely that sound pedagogy should he based 
upon a knowledge of child development. This idea has 
not/ become a ftindamental principle of educational 
practice and pedagogical styles often follow new 
discoveries or theories in the field of child development. 
A case in point is the Influence which Freudian 
psychology hnd ia>on progressive education in the 1920* s, 
*30*Sy and *40*s. While eduoational styles are 
probably dictated by many other sociocultural factors, 
such styles oleerly oWe a good deed to contemporary 
innovations in the psychology of the child.' 

It is in the coh'^oact of this historical 

< f 

relationship between pedagogy end child devdopmant, 
that the curraat interest in the worit of Jean Piaget 
must be seen and evaluated* "So one doubts any longer 

that Piaget is to dev^Lopnente^ psychology what Freud 

\ 

is to psychiatry# namiely the gi^t in the field* 

t ' 

■ S il 
' \ 

' '' - 
' ^ 
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Indeedf It will ta^0 decades for us to assitniXata 
a*id scpply the vast body of info mat ion he and his 
oo^leagues have gathered in close to fifty years 
of Vtudylng the develcpment of chdldren*3 thinking# 

And Wre lies the dansex* and the reason I began 
my r^arks with an historical allusion# Piaget's 
work ddds to but does net supplant the insights 
Of othtet* c^ld devdlopment workers. In trying to 
adapt eduoationaX practice according to 1310 
contxdbutlohs provided by Piaget^ we must not forget 
the tossona that innovators suchnaa Montessorif v> 
DQwey» and preud teadh# Our zeal to be 

modern'ihhould not blind us to all that is valuable 
from the past#' 

V^th these f Wtf historical and cautionary 
renazks bufci of the way we can turn to the issue 
at hna df namely# some Inqplications of Piaget's 
work and theory for sdenoe education* As X saldf 
it wilX take decades to digest all of Piaget's 
oontrlbutlonf sc that all X can do here is to 
lUustrate some of the new paths along which Piaget' s 

work will t(^ us. ihese new paths lead in the 
direction oft (a) the sequencing of science acUvities 





(b) tliQ metiiods of soienoe iJ3istraction^ afld (c) ‘Jihie 
oonijents of soiewco teaching* het us now take 
each of these prohlefiis in turn with the reservation 
that I am siiggestlng directions only and that we 
have only begun to top ths wealldi that lies in Piaget's 
books and articles* 

Sequencing science activities 

One of the dominant themes of Piaget*s 

developmental psychology of inteHlgenoe is that the 

\ 

I ' 

mind develops in a sequence of stages that is related 
to age* While the sequence remains the seme for aH 

children^ the rate at which particular children pass 

1 

throu^ the stages will dep^d tj^ioh genetic 
endotmicnt as weH as sooioohltural olroumstaiioes* 
Piaget has described four ma^or stages each of whichp 
for heuristic pusposes# can be described with regard 
to the ma^or oognitive task it poses for the child* 

^e firstp or sensorimotor stagst lasts 
from birth to about the age of two* iuring this 
period the infantas principal task is to construct 
a world of pearmanent ob^Jects so as to arrive at a 
conoeption of things which contituuk to exist even ^dten 
they are not present to his senses* (Eliis stage 
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1)6 d^sci'i.bcd. as doniisigi'fcoiS, by q, **sjia.3!*6li 
£ox coASorvablDD^* Al) 'blia xieaclj (preop Qfa't-ionai) 
©taget u©xaally ages 2 to 6 or 7^ tha ohild's ua^or 
tasfe i.s to master the symbolic or reproaentatloioal 
;£uttctlon. It is during this period ifaat the 
chilja acquires lariguage* discovers symbolic play# 
and eagperienoes his first dreams. At this stage# 
the child might be said to he involved in « a search 
for representation***’ 

At about the age of 6 or 7# the dhild enters 
tiie concrete operational stage, wliidi lasts until 
about the age of 11 or 12* During this , period, 
tliG young person ha^ to master the interrelation¬ 
ship of classes#r^ations, and members, and he 
does this with respect to things and with the 
aid of syllogistic reasoning. Oha concrete 
operational stage is# therefore# one in isdiloh 
the young person is engaged in search for 
relations*** During the last or final operational 

stage(usually egos 12 to 15) the young adolescent's 
jaajor tash la to conquer thought. Formal 
operational structures enable him to take his own 
as an object and think about thought# 
about contrary fact conditions# and about ideal 




si.tua'tlojis* In. a wofiii i1i staHes possible 
theoretical ahd philosophical ^eoulatlojcs aicd. 

be called the stage lA 'which the young 
person is engaged In %i';.ich for coraprehenslon**, 

Vtont have these stages to teach us about 
■Uie sequencing of science activities for children? 

A great deal« It seems to iae« First of all^ 
these stages nlc^y parallel the stages that 

characterize the developmeat of any science* 
namelyt observatlon(seRSQrlmotor period or the 
search for representation)! naming and labelling 
(preoperational period of the search for 
representation)! formal classification and 
quantlflcatloiitconcrete operational period or the 
search for relations) and controlled e^erlaentatlon 
and theory building (fomd c^eratlonal period 
or idbie search for oonqsrdhensioa) • While it Is 
not necessarily tiue Ihat ohUdran will learn 
seienoe best if it la tau^t on the model of ihe 
growth of thought and of sdenoie* it is at least 
% possibility worth ejqjlering# 




It seems to me IJiat Piagst^s work jjD^llea tJiat 
solenoe eduoatioaal ougjit to ‘begin ndth teaching 
children the fine art of obsenration. Actually 

ohildren are often far better at this than we are 
because our concepts blind us to concrete realttioso 
Dr repeated sKperienoe has for adults taken much 
of the interest and curiosity out of marQT of naturals 
mysteries* It is not enou^* howevert simply to 
have animals In the rocmn^ or to have children look 

at leaves and squirrels on nature wal3cs* Vhat 
children need to be tau^t is how to focus their 

observationf how to look for similarities and 

differ^oes among natural el^ents^ among leaves^ 

animals* grasseSf sounda^ and shells* Xnstruotion 

I 

in observation oannot be hurried and year or two 
of sdenoe teaching ought to be devoted to 
instruction in observation*’ 

Ohereafter children might proceed to 
collect specimens ’diet they can sortf labslf and 
classify* She nature «t physical and biological 
iflassiflcations mli^t welJl bm described and discussed^ 
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My imppQsaioA is that we of tea take the chlid^ 
ability to classify for granted and do not spend 

enough time talking about title criteria of classifi¬ 
cation can be introduced at the same time as children 
weigh* measure* and sort the specimens that they 

VTork vfith. In goneral* the wider the range of 
materials children have to work with* the more 
solid will be their grounding in the rudiments of 
science »{ 

From the stan^clnt of mental devd. cpment* 
instructlott in controlled e^q^erlmentaticn probably 
should generally not be introduced laitll adolescence 
when young people can deal with multiple simultaneous 
variations. By and large the concrete operations 

of children are not sufficient to grasp the 
Intricacies of multiple variable esqjerlraeats* 
Obvisusiy this is not a hard and fast rulei bri^t 
children may be able to appreciate ea^erimental 

procedures by the age of ten* For the average ohUd* 
however* esiiperlmenfcal science might well be delayed 
until adoleacenoe when the young parson•» mental 
abilities are sufficiently mature to cope with 
holding some factoid constant ^tdxile others are 
systettatloally varied.1 



Pfiriia^s Is unjicofissaty tJO sliross "to science 
teachers i33.e in^ortahce of traittlng chiiaren in 
observation and claeslflaatlon before they are 
introduced to escperlmantatlon* At the coUege lovely 
howveri 1 @m Impressed at how few students are trained 
to be good observers before they are trotned to be 
good, esiperimenters. SK|»erinentation is a precision 
tooX^ but its effectiveness depends upon t^io skill» 
e?^erienoei and openness of the e;q^erimeAter* If a 
youngster Is so set on the eoq>erimental variables that 
he misses some of the novel and signifleant side effects 
of his eaperimenfc# then he is not a good ej^erimenter 

in the best and most general sense of the term* 

Methods of science instruction 

I have pa?obably stuped on some people^s toes 
by now and X am probably about to step on some morot 
amt is Inevitalaief I swosoi when one presumes 
to discuss subjects outside his own field eigpertise* 
What 1 have to day about methods of science instruction 
may therefore sound ^piite nalvei My only defense is 




■tliaij SQBie'tix'ics aaivelie can l5s refreshing and strike at 

a prehlcsa that experts liave heeft l^ypaseiag as too touchy 
and sensitive. Let me plunge in agaln*^ 

j 

tot iB^ress me about American eduoationt at all 
levels» is its extreme verbalism* Hnter any classroom a 

above the IdUndergartcn level and most of viiat you sea 
arc hooks and more books* Qur national preocci^ation 
vith reading^ currently anbodied in the Office of 

Bduoation*s Hi^t to Read Pix^grem* praoticaLly amounts 
to an obsession* So preooc^)ied are we with reading 
that any youngster who has a reading probLma soon develops 
an emotional problem about it ^ich ends being far 
worse than the reading handicap itaalf*' 

Now while I do not wish to downplay the toportanoe 

of language arts in grade sOhool* 1 do want to say 
that I brieve language has been given ffiKaggerated 

importance in the eLementary school ounriculm* 

Young people who are successful in our schools are 
remarkably adept at the ver bal level and become 
increasingly so as they move through high school and 
Oollegep She problem Is that their lan^aege facility 




i.s divorced frow roall’ty udd cs^jorioncoi fAfid 

oftea amounts to aapty vertalicm. I would not be 
surprised If at least some of our pi^blcms wltii young 
people today derive from the dlsorqjaney between 
tlieir language, BtjphisUcatlon and their ©xporlmentol 
naivete.' 

In this connection, Piaget’s work suggests 
that language and thou^t are different systems that 
develop at different rates. Ihe linguistic syst^ 
appears to be relatively oonpete by the a ge of seven 
or eight when all the major elements of gonerative 
grammar are present. <htvth in language thereafter appo 

appears largely in vocabulary and proficiency in such 
skills as readlngi wrltingi and spelling, thou^^t, 
on the other hand, is much mocre gradual in its 
development, as I described earlier, and the mental 
systems for thi»M-ng are not complete until the middle 

of adolesoenee idiwi mental ability at last catches vs> 
with verbal facility» 

From an educational standpoint, it seems to 

me that these considerations airport Dewey’s contention 

) 

that there ahodld be more emphasis on doing and less 

i 

on dwiflg the elementary school years, n 




pai*‘hicularly Jjri “the teaediing of science* I hope 
X don’t offmd anyone if l say that teachers, 
Including college professors like mysdLf, simply 
talk too much* If v/e spent less time talking and 
more time showing children how to observe, classify, 
measwe, then young people would get more out of it* 
We also put too much reliance on books and publlshaed 
materials and too litis faith on our own resources' 
and in our ingenuity* Sclenoo can be tau£^t with, i 

such a v/ide variety of readily available material 
that we really don’t need prepa^aged programs In 

order to teach science well* Science is first and 
foremost an attitude of curiosity and that la what 
the use of everyday materials promotes* Packaged 
materials lead children to believe that science 
always comes Christmaswroppad*’ 

Please understand# I am not pooh-poohing all 
prepackaged sol ^oe programs* X am# for exaoi^Xet 

partioulaily Impressed iidth the work of Hebert 
Kajplua at Berkeley who is trying to get away 
from the «apty verbalism that is present la so much 
of our teaehiiig* Haoy ot the Karplus programs are 




Hhe p3n>b3.&m ifith packaged pr^o^rafflSf 
as I see it, is that they oftcai make for rinldlty 
aiid hamper the teacher♦s ihitlative# On tlie other 

hand. If tea^^ers are given the freedom to us the 
materiais in their own way, than packaged programs 
can he useful* !Qxoy are even more useful If 
ai^planted with eveiyday living materials.' 

flow t suppose X should say something about 
the so-«called discovery method* To the extant 

t^at the discovery method suggests that children 
should be active in learning, than certainly one 
can endorse it« If it means that a child must 
discover by himself that ^ieh others have discovered 
for him, it may be a futile and unrewarding entezprise* 

The Tdiole point of discoveries is that once they are 
made everyone can share in them without having t® 

repeat the process of discovery* life is too short 

for eadh child to redicover ell of science* Hkcwise, 
to argue that children should be active does not 

mean that ttesy should be active aU the time* Some 
science facts have to be learned by rote and without 




ccmpX&'te und^staAdlKigt l*eax*idiig ■tilings tiial: ve are 

not inclined to learn Is an la^ortant part of education 
as it Is an important part of life. Unfortunatelyi not 
everything we need to learn is especially Interstlng 
and children and teachers must accept that fact* 

Eduoationel content 

One of the domains in which Piaget *s work 
is lihdy to have its greatest iiopact is in the domain 
of the content of science and mathematics teaching*' 

This is true beoauae piaget^s work often reveals a 
previously * luakhCwn^ to 

ooncepts that were previously taught singly or even 
taken completely for granted* To illustrate the 
In^iUoations of some of Piaget»s findings for teaching 
particular ooncepts# I have sihected Piaget*s work 

on number and vpon identity* iSie woarit on identiiar 
should toe of particular Interest to those conoerned 

with teatiiing in the biological sciences* 

First# with reject to number# Piaget undertook 
his investigations in order to resolve a long-standing 

oontrovex^ between mathenatlcl^iB and Icgiclana* 

AS r<M know# the matiiimatlolans# following Psano# argued 
that mathamatios was built ig»eft a«v«pel si^le postulal^s 




whiqh were relational In diameter* !Cbie whole 
nmher syateitt oould, In Peano's view* be derived 
from the notions o£ a number and its successor 
(n*»a.)# Logicians* Icaiowlng Russell and mtehead, 
argued that number was not derived from a relation 
but rather that it constituted a class* namely* 
the cxLass of all o!lasses« !lhe number six* for exas^le 
is the class of all dassos of things taken six at a 
time*’ 

Piaget sou^t to resolve this controversy 
by determining how number oono^ts are arrived at 

by children*^ He undertook a series of novel 
Investigations into children's ideas about numbert 

classeSf and relations* What he discovered was tha 
child*s understanding of classes* of r^atlons* and 
of numbers nil eppesir at the same time* Indeed* 

Piaget found that it was the child’s ability to 
coordinate the Idea of desses with the idea of 
relations that led to a true condition of number* 

fc make Piaget’s discovery concrete* letwe 

describe two of ths studies concerned with dassifi** 
Cation a nd with serlatioft* In the Classification imdyf 




Piag®t presented QhiXdren (aged 4 te 7) with a 
box iJi which Uiere were 20 while and 7 brown wooden 
bends* He ashed the child whether there were iitore 

whi!fcte than brown leads and ’Uien wheliier there were 
more virhite than wooden beads* It was not until the 
age of six or seven that most children cotad solve 

the latter problem and could reoognize that there 
were more wooden beads because only some of the 

beads were white while all of the beads were wooden* 

In the domain of relations> Piaget presented 
4 to 7 years-old chlldrenw wi13i a set of size-graded 
sticks* 5lie child's task was to arrange the set to 
form a sort cf staircase withnthe shortest to the 
longest stick arranged in a regular order. Piaget 
found that many five-year-old Children could construct 

suehna series* Whenf howevffl?# he presented the 
children withna second set of 8tidfes» IntOTedtary in 
size to the first# and asked the children to insert 
this new set into the staircase formed with the other 
set# ifliildren of years for the most part could 




wot; solve the prohltsa* It was only at the as© o£ 6-7 

ohll(h*^ aould place the second set correctly 
v/ithlh the readymade series} i*c** place aft elemeti't 
bet^feeft A iis/hlch v/as smaller aftd B which blgser than b. 

In both the class and the relation studies^ 
the crucial task for the child was the discovery that one 

and the ssiae elcjnent could be in two d.asses or in two 
relations at once* In the class concept study the 
children had to discover that a particular bead could be 
both white and wooden at the sene time* Idkcv/ise in 
the seriation task» the solution rested tpon the 

child*s discovery that a particular element oould» at 
one and the same tlmep be both longer and shorter 
than the elements on either side of It* In both instancej 
the child resolved the problems by moving to a new level 
of abstraction wherein one and the sane element could 
be doubly represented without oonHict* 

Xn Piaget's vlewp IMs Is ;^t what is 

required to attain the a<tat or true conception of 
number* Xhe true oonoqption of number is founded ^jpon 

the concept of a unit*" Sow the unit concept is one 
which prastpposes ^t the unit is both like every other 






unit and different from every tther unit in it® 
order of onmeration* Every penny In a row of nix ie 
like every other as they are interchangeable, fhelr 

difference lies in the order in vihlch they are 
counted or enumerated. In short* for the child* 

the concept of a unit or a number presitoposes the 
Same mental ability as that reauired to nest chaoses 
or to seriate relationships* namely* the ability to 
grasp that one and the same element can be represented 
in two different ways at the same time«» 

Frm an educational perspeotlve* this 
findings has io^ortant iisplicatlons* It means that 
the understanding of number develops hand-»lnf»hand with 
the understanding of dassifleation and seriation* 
Accordingly* practice in dasslfication and in 

seriation might play a more dominant role than 
in children*® preparation for instruction in 

^aiis is alrea^ being done in soma nursery 
and kindergartens but much more could br 
the materials for class ifloation and f 

were available in greater quantity 


variety#^ 




Ihe second exawple of how Piaget’s work mi^nt 
Influence educational content coraes from Piaget’s work 
on identity# Actually^ some of Piaget's earliest studio 
dealthvdth this issue^ to which he has recently 

returned after some forty years of concern with other 
matters* In the original studies, Piaget had children 
arrange a series of pictures (which resemble a set of 
frames from a comic strip) into the right order so that 
they would tell a story* Piaget found that young 
children had great difficulty vdth this task* one of 
the reasons was that they did not seeni to recogniz;e 
that it was the same eharaotor in each successive 
frame* 3he child’s failtire to understand the 
continuity of a setiuenoe thus seemed to reflect his 
inability to detect ihe Identity of the characters who 

I 

participated in the sequence* 

In more recent years, Piaget has pursued 

this issue with materials related to grewth and aging* 

He and his cdleagues {notably Cdlbert Voyat) presented 

children with photographs 4i a plant at various stages 
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o£ growth* i0.tiiough the children could recognize that 
adjacent photos were o:t the same plant they had 
trouble believing that the early photos in the series 
were o£ the same plant as they dcjpicted in the lost 
photos in the series. Again, the child's concept 
of grovrth was affected by his difficulty In grasping 
the notion of the plant^s identity across transfomatloiv 
C3.early this finding has ii%)lications for biology 
teaching and suggests that, as a bare aininua, we 
Icnow whether or not tdiildrcn understand tlie identity* 

of plants or organisms across various tramfomations 
before we proceed to more complesc topics* 

dheae are but two fairly sicgsle exaE|)les 
of the Piaget's research for toe 

content sdence teaching* Many more could be eerily 

cited. As in the oeme of seqfienclng and metiods 
discussed earliert these are aorely exaP^les of the 
treasures Piaget has uncovered r us* Much of the 




jfreosure remain to bo alned* Lastly, in looking 
at children's minds through the new leases Piaget 
has gained lor us, we laust not forget that children 
still have physical needs and are a oclal beings* 

Lasting educational advances will be made only when 
ovir concern for the growth of the chlld^ intelleot 
Is tempered tidlih consideration for his body and 
concern for his sense of sel£>»esteem* 








In^ro-yiJag Fonaal Reasoaiftjg* 

A (Soinparisen of Variables lEralning and Stra'tegV Training 

Introd\ictlQi:i 

One of iiihe reasoning strategies that an 
adolescent who has attained the fonaal level of 
reasoning can en^^loy in called *'oontrolliRg Variables**. 
!l3ie controlling variables strategy is used to design 
fair expexdmentst e3g;>eriBients where one variable is 
manipulated and all others are kept tixe same* For 
exan^lef a fair eaq^erlment to find out if the material 

of the rod influences how much a rod bends woiad use 
rods of different material but equivalent lengthy cross 
section, mtej Two methods for teaching adolescents the 

controlling variable strategy were oonqsared to a no¬ 
training condition in this investigation, one methodp 

Variables was designed to h^p subjects 

correctly wly the controllini variables strategy to 




new pTCibiems# Bie other malhod# the Strategy^ 

Training■ wan designed to help suhjeets acquire the 
controlling variables strategy'* Xhe no^tralning 
condition was called Tuning* following Cronbahh and 
snow (1977)* We describe eadh condition and literature 
relevant to It In the sections that follow* 

Variables Training 

I • 

To teach aub^jects'to applF bhe controlling 
strategy to new probXofnst ve focused on changing 
their eoqyeetations about the variables In the G»perlmei:& 
By 0 }^eolations "we mean beliefs about ^dilch variables 
Influence the asperdmentaL outoonie* Studies(e*'gt| 

& Swlney»1961) showlag that sene errors In 
^plying the oontroUing variables strategy occur 

because subjects use e3g?eotatloa'-*based rulea» 
ifiotlvated our InvestlgatiOft* S>q?@ctatlonpbes«d 
rules emerge because* for any taslt* subjects ssqptect 
'fehat certain variables need to be considered* We OBli 
idsese ’iBae fudjidecMa varlabl m 






that tha ejgjerlmcsnter ati^eeto for a task, the 

coim3 rehen8i.va varlahlee* iBay differ 

from laie subjectes^peeted variables* T.ifte and 
Swlfiey (1981) found that subjects oontiolled their 
ajipectad variables more frequently than other variaiblas, 
and they perfDzmed as If the oontroUing variables 
strategy ^^plied only to their espected variables* Our 
variables training mB designed to alter these 
ea^ectation<*based rules*^ 

Research Relevant to Yarisbled Training 

Piaget (I97t»^77> has focused researchers on 
content-free strategies rather than on espeotatlon- 
based rules* In their original voz4c» Xnhelder and 
Piaget (19^) inplisd txat formal reasoning would be 
universally acquired during adolescence* lAim 
confronted with evidence to the contrary, Piaget (1972) 
postulated that formal reasoning might be acquired 

only in One*s erea of es^pertise* t«. 

-nations arc ^irsaunablyi.. On@*s area 




Given tbat expectatioiis are pres’uma’bS.y 
mosi::^ accurate in one*® area of ej^ertlee* peiSiaps 
Piaget anticipated that eocpeotations wuld inXluenoe 


reasoning performance#’ 

*1 

plaset »ay aitlelpated the role 
axpectattons Hut fee aia not Inveetigate then, nor 
did fee suggest that instruetlnn niSit wplaln tJu^lr 
effects. Piaget was a genetic apletenoiaglst— 
he focused on the acquisition of coiitent.free 
strategies, oonsistent wilfe feis tfeeoreticel focus 
on lfee efeULd's system of logic ratfear than on tha 


chiidts aayaaysa vm can disunguiHfe 

hetwaen strategy acquisition, as dssorlfeed ty 

Pisset, a«l strategy sppUsal^*^ wfeiefe may H. 
0>v«med in part fey eapeetatton-feased rules.' 
oa. dlstinetlon is to the «-g.stencc 

performance distinction d».orlfe.d fey IXuv.^. and 


WohliliXl 




Besearoh lias mealed that reasonera uae formal 
reasoning atratagles InconslBtently (Keating* 190O« 

LUm & Levine, 1978; Bortorano, 19771 Soardamalia, 1977),‘ 

IncoBSlstenoy in formal reasoning perfoimanoe oonld 
reflect Doth strategy aoquisitlon aftd strategy 
applteatlon. Piaget (1971) referred to effeeta of task 
content, and therefore, ly h^Uoatlon, effects due 
to espeotations, as "reslstanoes*. He reports that 
reslstenoes have an topredlotahi. effect on content, 
free strategy usage elthou;#. the effect can oft«»- 
he esplained after the fact. Our research suggest, 
that effects of task content ea« he predtoted(e.g.-. 


him & Swiney,198l).’ He research Ih this study 

„h*lher training c«» designed to modify ihtoe 


Strategy' traifiitts; 

awrs on controUing variables tasks may 

occur haceusc sul-a-** undermtandlng of toe 
ccntrdllln, terthbla. .t«t«y or fall to 

th. toHttoUJW toriam«i etoetagy 1. mu«ed 

thttarito Stratagy *•» ^**^ *“ *^ 




the oojatralilng variables strategy,* 

Research Relevaat to Strategy ■grAit^ng 

Maiiy liistructlonal prograios to enooux%g« 
better reasoblng about con^lex iiiath& ahd science* 
related probleias have been tried with liiolted 
success (see Levine & Llm« 1977| LlnUf l9B0a)* 

Teaching new strategies has been much leas succesalUl 

than teaching new ways to use axlatlng strategies •' 
Piaget( (quoted by HalXf 1970) has remarked that 
InstruotioA In 1d)e content^lree strateglea 
characteristic loimal reasoning Is useless*) Hany 
unsuccessful studies attest to this assertion 
(e*g*v Levine dc Untt, 19771 Unn, 1980 b), In eon^ast» 
training procedures have tau^t subjects to control 
variables on a wider variety of probleiBS (Linii,19a0a) 
or to apply propcrtionel reasoning more consistently 
(Kurts & Karplus, 1979)*’ Of course, strategy 







appXXcalsloii €:8iA£iot oooiQ? the dtx^ategy 

beea acquired*’ Xcatruotioa ijhich ooiablaea training 
in strategies with training in plying strategies 
succeeds sore ocnsistently than either one by itself 

(e*g«v Iifnnt I960a» bf Eubn & Angelev» 1976| Linn, 

Chen, Si 1979) 

Tuning 

Subjects in cur ccntrol condition received 
Cronbach and Snow (1977) have referred to as 

^Tunning**’ In effect^ Tuning is a iorta. of instruction 
which helps subdeots recognize when to use an 
available coj^les reasoning strategy* may 

increase strategy epp^^cntion, althou^ it differs 
from the variables training which was also intended 
to increase strategy application* gioasples of 

procedures which can be classified as tuning incl u de! 
a) presentation of practice itaaSi b) instruoticns 
’vMMi note the slAilerity between «ev itens and 
itfiM# e.^g4 fi«y^ *lSiese itens involve 




computation of proportioas", o) Uastructloaa «hlohL 
^eolfy what ahout the porhXaa is most Important, 
c#‘g*V saylagf **10 these Items* first figure out 
what variable Is belxig lavestlgated then figure 
out which variables need to be kept the seyae**,? 

was* of course* preset for all subjects 
in our stutter,! 

Research Relevant to Tuning 

An exenple of tuning or teaching new 
applications of available strategies cornea from 

a study by Stone ^ad Day{197B)*‘ they administered 

three controlling variables tasks In oounterbalaAoed 
order to the same subjects* The procedure Indtuied 
a variety of probing questions to dart stibjects to 
the variables involved in Ihe task* Probes asked* 
for eseajaple In Bending Rods* for subjects to select 
two rods which differed cdy in croBS-*sectlon«j ^tone 
and B^y found that a significant proportion of the 
subjects iB^rored In their ability to control 




variables from the first to the third task. Ite 
procedMre used by Stone and Day (1978) resoabied 
what Cronbadh and Snow (1977) oallad tunlns.l 

Ihe lunlng in toia study is slailsr to the 
prooedure used by Stone and Day (1978) and oonsisted 
of praotice itos without feedbadk. We hypothesize 
that the praotice it«s help auldeots seleW the 
^ropriata strategy for these tasks. 

jltathoM 


oo^ared SSamS£> 

^■dolns. sl^^- AS pert of a 

interview. Al oontrOUlng 

variables tasks in one of to«> oounterbal«««i 

■N.ainlhlL^ d 

.aoeived in-tru-tlcn for two of i^ve tasks. 
Sajlai subjeot. r«..ited all m. task, without 







participated*' Oae third of the suhjecta received each 
treatffleat* Six auh^ecta moved dixrihg the study» 
leavlJig a final sajiple of 174*’ ^le dlstrlcta 
represent;ed three socioeconomic status (SSS) grot^st 
upper middle clasSf middle classy and lower middle 
class «r She iipper middle class district was mhurhamt 
families owned their ovn homes end meny older students 
drove their own cars to school* Ihe middle class 
district was urhent families lived in single fsmilir 
dvrellingsu epartments« and oondcminiuss*' !lhe lower 
middle class district was semlrurali families lived 
in small single family dw^lingsi apartments* and 
oondomlnitimst and many adults were ea^loyed In adjacent 
factories*^ Quality of the scleiKie progrmas in the 
three dlstrlc'to hased on courses amllahle and 
teaching materials e^lcyed correlated directly with 
Bm4 

controlling Varlahles tasks 

OSie eontrclliag vazdables taks had either 
ttatnrallatis oontiwitiWgtV esqpariaeiitts to deteralne 




wliat maitea rods bend). Each task Included some or all 
of the four questions as shown in Table !• The four 
questions used were gQnn1b:*uotlng.Ciltiei2ittg. Analvslna 
^ag^ing which are described after the varia'hles for 
each task are presenbedv 

3;naert Table 1 

Number and Type of Question 
per H«asoning Task 

Question !!^e 

' Naming OgfltoUte AflaMM 

Re^onlng Construoting Crltleizing 

. . I " ' ' ..I 

Training Tasks 

brings ‘12 2 t 

Runaround 0 2 2 0 

Post Test 

, ,, , , I .. . . . ..— ■*■ 

Tooiiipaate 0 2 2 1 

Bending Rods i 5 ^ 

Pishing 1 1 1 ** 



Ulie tor eaobL o£ fiva "basks are as 

foUovrsi 


1#; Bg^dixig Rods, a Xabora-tory task adapted £rom 
Ifihelder aftd Piaget (1958) and de^^ibed by T4*v^ 
and Svriney(19S1)» allows investigation o£ tiie 
bendability of rodB»* The live variables ares the 
material ol the rod, the "thickness of the rod, the 
shape of the cross-section of the rod, the l^gth 
of the rod, and the size of the weight hung from the 
rodj 

2, Springs, a labora'boxy task described by Linn and 
RlceCl979), is parallel to Bending Rods, but sublets 
investigate "bhe e^ansion of springs* Variables erei 
the material of the spring, the cross-seoticn of Hket 
spring, the lengISi of the spring, the thlcasness of mm 
wire, and the wei^t hung from the ^rlag* 

3*’ Ibothpaste la a naturalistiq task "where subjects 
investigate what makes the best toothpaste, me 
variables eref the proeenoe or absence of flv^sride, 
the flavor# the presence «r absence of a deatlst«s 
recommendation, the cost, and the amount of advertisi 








Fighla^^ a variation of the naturalistic tank 
used by fkilos and Linn Cl9?Q), allows investigation 
q£ factors influencing the number of fish caught* 

The variables ares the type of baitCthree possible) t 
locatlon(four pcssible)f the presence at absi^oe of 
a bobber, iiie isype of reel(two possible), and 1iie 
presence or absence of a radio«^ 

Rnnaround is a naturalistic task about running 
^eed*- Variables arei nsining location, running 
surface, dclhing worn, amount of sleep, diet, time 
of day vdien running, and type of shoes worn*; 

CP,nti^;ilng imriables guastiom*! The four questions 

la the oontrolllag variables t3ks<oonstruotlag, 

Gritlolzlag# inalyzingf and Naming) are described in 

this sectlca# la the results, two q\»asticna, 

flot^trufitiflg and caablaed to form 

a ffoi^trOUing soorcf following previous research 

showing coi^lete ovedep scores for these 

queBtlojasCc»S»^ 3E.im h Bice, tWl Unn, pulos, h 
Oans, 1981)* 0ns question* Jfeming* measured the 


Mm 

t. 




3U'b^}eqt•3 eapeoted variables (e.g. , llm and Rlee, 
* 7979)1 tbe others measured reasoning aboub me 
oontrolXing variables strategy* 

In Gorntmetin/g sub^^eots were asiKed 

to oonstruot a oontrolled essp^iment for a partlouXar 
variable and es^Ialn their response* For exeiqplei 
in Bending Rods* sid^jeots were told **xn an eesperiment 
to show that -thlohness of the rod makes a dlfferenoe 
in how far dom the rod bends*** and "Tilby did you do 
it that way?” Sub;]eots passed if all variables esEoept 
the variable under investigation were kept the seme 
in two or more txdials* 

2.f critloiziag <iU€*tions* subjeots were asked 
to oiritioise the prooedure for an unoontrcilled 
es^eriment when not shown the results* 3ub;)eots 
passed if tSW identified uncontrolled variables* 

5* Xn questionst simdeets were asked to 

criticise ah es^eriment ^dien shown the result but 
net told, the pmeedi^e* For esasplSiF In Bending 
Hods* two reds painted different eelers and aed» 




of different materiala were placad at mequal 
lengths in a wooden stand. Hanging equal veldts 
on the i^odsi the experimenter demonstrated liiat 
the short rod bent more lhan the long rod and eskedt 
**Is this a good experiment to prove that sbosrt rods 
bend more than long rodst Wby?B and *Do you have 
any questions to ask |.%out the esq^eriment? dub^eots 
passed it they Indicated that sope variable mi^ 
be uncontroiXed*^ 

measured the subdeot*8 expected variables. 
For exs%let in Bending £^dst the apparatus was 
presented and the interviewer asked^ **!Cell me what 

you think might take a difference in hov far down thesi 

1 

rods hmd*' lhat slat dU variableB in laboratoxy 

tasks vara visually oMousV ’Shm soora was 

the number of variat^ea namad. For all tasks^ in 
all conditions* after lha quaBtion» sublets 

ware given a card listing «9q»arimentar«a ' 

aoBl^rshaasive veiisblas'^ 



Instructional Coaditlons 


oonslsted of porfoming all five controLling 
ta^ks with no additional inf onaation and ^ f aedback, 
and was available to all subjects, Ihe VariablBE 

Strategy Training eaoh consisted of 
the tasks from plus a statement about how to 

control Variables and four €3can5>les of how to oontrol 
variables* Two exaniilias came from Slprings and two came 
from Bunaroitod*! Ibasa ^a%les were in addition to 
questions asked to evaluate the trainlnga# In the 
training^ order of ^e%l^ was oounterbalanoed* in 
each exai^le^ t^n esgperiments were desnribedt the 

subjects indicated which esq^erlment was bestf and the 
experimenter egi^lained why one ea^c^lAsat was better 
than the other*' the rameining three controlling 
variables taslss were administered in the same manner 
top ly-AiniBg am m tmjr 

Mtm amimatand. toe 



svdijeeti to sileet the aa$«rimenter*s oosqi^reheisiiirtt 



variables* Previous studies (Lim & Swiaey, 19811 

b i nU | ClemeRti^ Sc pulosf itets 1) dsPKiiistrated tiiat tbs 

sub^sot*s sst q£ ea^eoted variables were often i 

\ 

iftooiaplete# In tbe toiables iJie ea^erlnenteffl* 

es^lained that tbe e9$erinenter*s oon^rebensive 
variables sbould all be selected*; 

Qomisted of a general statementf 
foiir escav^lesi and a repeat of the genial stat^aent>j 
Ihe general statetnent wasi nfhe way to do these 
problems is that even if you do^t think sQaething 
makes a diff erenoe in the outeojne of an ea^erlmeirtf 
it might be that it does neke a diff eri»»oe»! I«ike« in 

brings, most people dfln*t think that how often iitm 
spring are used is important^ but if you use a 
spring a lot, it ea^ands more easily Hian a spring 
that hasn*t been used as muoh**! 

In taoh of the four eacas^lesf two experiments 
were deseribed and the sbb;Jeot those i*leh was best*i 
the e^erimentar esplained the differanoe between 
the two esgierimenbi aixi told why one was better than thi 
Other#^ to iait»trat<i^ in Siprings, the sub^eet ehose 






from tvKJ'.ea^jerimenta to investigate the cwposa- 
sectioii of the spring*^ one ^erimeht was fair 
and ilie other oonfonnded material with oross«»Eeotlon*^ 
Hie ©qperlmehter explained the dlffereaoe by saying 
♦•okeyf In the a econd e3jperf.m©nt one %)rlng was 
brass and the other was steel# Sometimes people 

think lihat material doesn^t Influenee how far the 

t 

springs siHpand so it may sema okay for one spring 
to be bras a and the other ateeX»‘ Bub really» 

material could make a diff erenoe# Zn faot« material 
does make a difference. Steel la hard to ben6i»*** 
ste^ is used to make oars and to relnforoe 
concrete because It is very etrongi braes bends more 
easily 'than eteel*^ braes cnadlaetloks ml^t bend 
If dropped* |Op the first eaperiaent is better 
than the eecandf**^ 

B|Ka)3^1e8 In Strategy Tr a i n i n g 

strategy mmmina flpq^lned the 

jK>ntrolllng varlablee strategy * m previous atudles^ 
eetansive Strategy framing has been modfratiOy 

Urn, <99#), »t«i. uA W 



(1976) £om^ that a sia^© stat^ent of the 
strategy did hot lnnfluesiee perf oanaanoep la 1dti® 
present studyt_5l3:^tegy was more extern Ive 

idtah the training used hy Stone and Day(l976) 
hut less extensive than that used lay Xdim(t980)*] 
stri^t^ey oohsisted o£ a geueraX 

statement^ £owi exanpl©8« and a r^eat g£ t3t© 
geheraX atateroeot* She general statement vast 

the way to do ^Saaue eaperimants Is to change ^ 
only the thing that you are trying to find out 

i. 

shout* You should k©«p eyeryttcing else the seoae**' 
^Hiare v^e four © 9 cai%»led« ^st as for the Variables 

Trainlngf each eacnnple oompered two ^ 

\ 

and the auhdeet said idilch van h^t* :ciien the 
experimenter explained whioh was hest» In this 
emt^X 0 from %>njigs« two ©xp^^^inents about the 
oross^eotlcn or fatness of the springs were 
compared* fhe first experijaent was fair and the 
sec^tkL exparJJient oonfounded fatness with aaterlal«1 
ee^eriaient^^s s3g;}%ainatlon was you reeallt 
^v t© do these esperiments is to dhsuge oiP^ 




■fche thing; ih.a't you ay® investigating^ in this oosaf 
the fatness of the wrings* you..should he^ everything 
^se the Seme* ^rarliige one and three are different 
fatness but they are also different material* So 
springs one and three are not good to eos^ere because 
tvro things are different* Springs one and two are the 
same In every vay except that they have different 
fatness so they are fine to coo^are to find out about 
the fatness of the spring".’ 

Results 

!l!he performance of the subjects recdved 
strategy Braining . Variables and 

were oompared on Cbntrolling. Maaing^ and igfi2UQSia&* 
Recall that CbntPollitt& is the sum of 
and Constructl&g. She effects of oonditiony sexf 
age^ and SBS were examined using analysis of 
variance (^OVa) for the .teljRBateft 

questions» Because there was only om Analyzing 
question for ee^ tashi and it was scored dlchotomousX 




the assumptioiia o£ ANOVa were aot met* Heaoe^ 

Chlscjiare tests were lased to assess the results £ot 
Aflalyaihg ctuestloj!is»: 

Order aad Xaterviewer Effects 

!Qtere was no effect for task order on 
posttest perfomanoe* Analysis of variance perfonaod 

on eaGh of the final tasks by order revealed no 

significant effect on any task for the %rlngs-<flrst 

or Hunarcund-flrst order of presentation (A]NOVA for eacb 

taskt Springs^ F « Runarcundi F « 1| 7hothpaste» 

F » Zt73$ Bending RodSi F 1| Fishing^ F 1| all 

values not slgnlfleant at a ••05)# Similarly# no 

effect for Intendewer was found on a total score 

for all «aaestlons (iWOVAt F -» ZMf not slgalfloanb 

at t» #05)*^ 

Controll^"‘= ^i and NaalmE 

( jjtontrclIlM was responded to sucaessfully 
between 4536 end 88|6 of the time (^felble 2}*' BAability 
estimated ly alpha was moderate bMt similar to prevloue 
findings («*WV# hlnn & Rloei 197^3 
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questloJiis were SGdved sucoessfuHy 309^ of 
the tiae and as shown in G2ahLe 2* were more diffiowlt 
than oontroUlngt ReCLiabUilsr for snalyating was 
low but oon|) arable to other studies lor a scale ol 
idiree itms (e»g 9 ^» l«inn» dement^ ^ Fulos* Mote 1)«l 

On Mamlhgt subjects mectlQnftd about hell ol 
the es^arlmenter*# coj^rehensiye verlahLea on 
average* In all Interviews, Ben ding Hods followed 
fringe which «ey eag?laln ^ »®e« variable were 

jCor the Bonding Rods tash than lor the ^ilngs 

■teak,' HalljWlW t« ■Bw aam tel »•* koawmt* 
for a test ol t^ee Itcms^ 

Blf eets ol tuning 

in suggested by B ioee end iJsy*g 

* u«« wwa«««»f «wiiw isanMOM 

gmcttoMmii aiw«BNi ♦» • •**» «* *“*“ trnttisim 
«M Mm •tartW imiXiMiMm rtkJtwW 






Sp.xd.i3gs and .Bending Rods in this study si's paraileX 
tasJm of about equal difficulty (Linn, Bulos, & C3ans, 

1981 ) •' Results for OOntl^l3^ i|ft ^am ftna‘hi'»iit’tT<fi stfOAg 

^feot for tufting; About 5G% of tuned sub^eets v^e 
correct on seringa, but 30^ were correct on Bending Rods* 
which always followed {Springs A matched-pair WUccxon 
statistic was significant beyond the «001 ley^«^ 

Eb^osure to the tasks e?poars to facilitate 
performance; and effects for strategy Training or 
Variables Training must be in addition to effects 
for Tuning*^ 

JSgf acts of Strategy Traiiiiftg..aftd^ai^ 

Performance on coatrolXiag on the first posttestf 
iSoott^aste* was signifioafttly related to training as 
shown in Thblt 3* inspection of the nean perceatage 
of correct re^cnaes on the Toothpaste task twtSklM 

I 

that Strategy Training ejccwnlecl both Ve^i'iahlcs 
Training aftd the ocntrcl condition# Thus, on the most 
direct measure of the training* the score* 

Strata^ Training use effective but the Varlablis 
Training was net better than the control condition#? 



JlQCl no on 33 X 0 

Cfel-*squai‘e nCHz^axdng Idae proportions 

ot subjects in each gPot;p k&o correctly anelysed 
each e:!q)erliiiant were not fiigftif leant tor Bjotl^asto 
(X^ » 2.45), Bending Beds (X^ « i, 2 S>, or Fishing 
(X^ 3310 Chi-square for dprings (X^ m 58 »j 5 , 

p 0.5) rev'oaied '^at tuned sufe^ects analysed 
fringe bett^ than the two groigis ot trained 
subjects (see means in Xable 2)* The training may 
have made sul;^eets more scooting, and less analytical, 
of uncontrolled espariments, althouid^ some of the 
poor performaone of trained subjects on analysing can 
be attributed to a set of defective springs idiich 
were indtided in the set of materials for Strategy 
Training and Variables Training subjects.^ 

Fcr neither Strategy Training nor 

Variables training enhanced iierf onsance, although 
toned subjects named slgnificantay more variables 
than other subjects on the Fishing task* mis mny 
have resi^Lted from additionfll time available to 
tuned subjects* Fishing was lest in the interview 

f 

and Strategy training or Variables training subjects 
may have been 3?i«hed*1 

417 




Egfeots of Age> B&x* So bjpol and lixteraotlona 

!Qier© v/ei»e no con«l*t€nt effeota for 
agOr s®x» or S£sh 5 Jol and no conalntent Jj^itaraotions 

across tJae five tasl(s« ws r^orb tbe Isolated 

affects p whieli reacihed to p *01 level of 

sl^ificafite for l^sse varial^lesy but offer no 

intez^ rotation since l^e effects were not consistant* 

On ^fitroUlns. there were significant 

effects for age on Slprlngs (?» eta^ « *008)» 

and Runaround (I* « 1S«i29p eta? m ♦02).' fhere were 

significant effects for s^aiool on four of the five 

tashst siprings (F*» 7»i9i eta^ «» #016)^ Rnnarouml 

(F M eta^ « .^1)^ footl^aste (F ««i 6«81» eta^ 

m «02)> Fishing (F eta^ » suib^ects 

in schools with high sooioeconoiaic status (SB9> 
perfoxiaed besti^ Only one interaction was significant 
for controllingf nany han F values less than onei 
the significant interaction was training condition 
by sex for fiS?»iags (F* ^*91* «ts? » 






laiscussioA 


Ootttraisy ^ oiar anticipation of r^UltSf tb« 
Varialales Bpaining wax no aoi*® affective than Tuning 
in aitaxing aii^actations* (insistent with previoux 
studies (QVg.S him» 1980) tiia 8 tratagy Training had a 
slight effect. Both .thd length and the content of the 
Varlahles TrainJng could have contributed to its 
ineffectiveness 

We suggested that esg^osure to nuaerous oontarolllng 
Valuables tasks might result in improved performance 

due to tuning* Consistent with the findings of Stone 

and Day (t97B) the subjects hjproved by perfoimlng a 

series of oontrolllng variables tasks* laprcvoient 

from Springs (administered first or second) to Bending ' 

Bods Cadmifiist^ed fourth) was dramatic, presumablyt 
subjects became aware of which strategy to use by 
cnq^osure to the tasks. It appears that most sub()eot^ 
can use the oontrolling strategy (sinet 80?( are 
successful on Bending ftfjds ani eveiy subject n^polids 
to at least one ^nstruoten ^JXon «orreotiy)v but 
that subject# do ||y& elwsye use the strategy.^ 




Sie VariaKLes draining foousea on altering the 
gy.b:}.^Ot*s axpacted variables. Naming* found by linn 
and Swiney (1981) to measure the subject's es^ected 
variables* was not altered by Variables Training* 
previous studies (linn & Swiney* 1981) to measure the 
subject>^3 ^spected variables, was not altered by 
Variables training* Previous studies (linn Si Swiney, 
i981) indicate ttoate subjects will agree that a 
particular variable oould be Ic^ortani; even when they 
have not named it in the Naming qeuestLonv 

Variables Training was intended to mahe 
subjects aware of their tendency to ignore variables* 
It appears that subjects do not eshange -ttielr expected 
variables even when they are made aware that their 
expected variables couP^ be incorrect*’ 

in the Variables Training, our approat^ 
was to make subjects aware that their procedure for 
selecting eapected variablec mi^t b# incoxrect*' 

Since Variables Training was ineffective, it Is 
tei9ptlng to suggest that stihjects need evidme about 
^ varlatilt influencei the outcome and that l^s 




vstZ’i^lsXss*' 

However, studies of the Paidulm (U«n, 1977| PuXos & 
Ldna, 1978) suggest that evidehoe for a variatCLe's 
roXe has only a email effeot*: Siaoe Aeither evldenee 
alone nor awareneae of possible ihaeouraoias In 
e^eotations alone are suffideat, perhaps both 
together would be suooessful* Future studies will 
focus Oh these oombihationa*' 

!Qie Strategy Training enhanced perf ormanoe 
on the first poattest oohtrOlling i|iiestlon, but not 
on subsequent questions* The Strategy Training was not 
effective enough to insure that the strategy vias applie 
to a variejor of neir tashs* Similar results in the 
Che% and their (1979) study were attributed 
to inabilitgr to e?ply the acquired strategy# Sadies 

I t 

hy hinn (WOcf 198 <Sj) and Kurts and Xaiplus (1979) ^ 

f 

suggest that combinations of and yialafflipK 

might be successful. P«rhaps subjects nee^ 
to acquire the stoitegy and learn to apply it.^ ^Qils 
should be a focua of future woric,^ 

Our study desoDstrates that eoqposure to a 
series of variables tasks (the iming 




condition) improvos performance on eottto*Qiiiiipr 
questions* W® presume that Tuning is effective 
he cause it helps subjects remgnlze vihlch strategy* 
among those they have availablOi is appropriate for 
these tasks* Attempts to enhance strategy application 
by altering the subject's e^qjected variables (in the 
VpriablQS Trainlp/g^ did not have any effect beyong 
*t^t of the Tuning ■■ Atteopts to enhance strategy 
acqui;^ion by explanlng the controlling variables 
strategy (in the Strategy Training) led to improved 
performance on the first posttest but not on 
subsequent posttests* T^en together* these 
findings suggest that successful interventloiis must 
address a varieliiy of factors that limit reasoning 
performance! including faotfors related to strategy 
acquisition and those related to strategy spplioation* 
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“Ekie Study 


me osont study aims at toesUeating the 
following puipososj 

1. 10 see how cofloq.t formation takes plane in 
ohlldrea on oertnln selected science oono^ts. 

2. «. determine the mutual relationships, If any, 
as judged by the scores, among Intelllgenoe, 
intd.lectud. development CPlagetlan contejrt), 

scientific concepts and achlev«.ent in soionca. 

3, 10 determine difference, if any. tn.***®" «»• 

top group and the bottom group In terms of 

varlableB Included in this stu.«r. 

,, to point out the main educational impUoation. 

based upon Ihe findings of the study. 

^ ““ 

^.(T- 


1 


gaA aalii«y<»«* ^ sciew*- 




2 . 


!Ehere are no mutual signmcanfc correlations as 
^judged by the scores among scientific conooptsi 
lntelligenoe|i intellectual developnenti and 
achievement in aoienoe.! ' 

3t Ihere are no significant differences as Judged by 
the scores between the top group and bottom group 
in terms of int^leotual development^ seleoted 
scientific oonceptSf and achievement in science* 

llethod of Procedure 

Drawn out of a larger senile (K 220) the presetxt 
son^le comprised 100 pi^ils in ell| i«e* 20 pupils each 
from grades V to IX of the local Iteaonstratlon 
Multipurpose Schooli Ajmer, within the age groi^p 9+ to 13+* 

All of them came from the average spcdo-economic status 

and belonged to the urban areas #■ 

The following tools were usedi 
1*' Intelligence fesl^ Ravan»B Progressive Matrix*^ 

ISie standard Progressive Matrix was designed 

to cover the widest posslldLe range of mental abilities 

and to be etjaally useful with persons of all ages, 

vjhatever their educatiotti nationality or physical condition! 

'I 




might be« Ihia test also measures 
effloleucy| a person devaLopa a logical method 
ol reasonlugai Hie reliability was louad to be 
0.07 on 10^ year studeats^ 0.06 In case of ■>4 
year students and 0.91 in case of adult students.' 
From various results obtained Idiere iscvery 
indication that perceptual tests are quite suitable 
for eliciting the higher intelloctual functions 
and for assessing sig>erior IntsUeotual efficiency# 

A battery of Hiree Fiagetian Styled Tasks. 

A preliminary run was given to several 
Plagetian styled tasks with a view to ia^rova 

/ 

the statement of the tasks for presentation to 
pt;^ila» using an overhead projector in a 
situation «> The three tasks measured abilities 
relevant to oonservatAon of physical quantities^ 

dassifl cation and oonstruction of ratios# me 
tasks as used in the final form are state belowi 
a 1* mare are two friends Mr# Tall and Mr. Shoi^. 
men measured ly a row of paper clips placed on© 
on top of the cldier were found 6 and 4 clips respe c* 
ilv^y# me height of Mr# Short was found to be 




0 tJUttonSf idlhat will 1 j 6 tlie height o£ Mr* Tall in 
hattona ? 

02 tOiero is an aluminim sheet weighing 90 grams anc 
an iron sheet weiring 120 grama, a olrcular 
piece o£ Alimilnium sheet is cut ofi. The piece 
weighs ia grams* I£ a piece o£ aimUar area is 
cutt of from the iron sheet what vdll he its 
weight ? 

02^* (a) There ere two beekers A & B which are 
identical in shepe and size. Liqtiid is then poured 
u^to the same column in both the beakers* Will Hie 
volume of the liquid in both the beakers be the 
same of differeiib ? 

(b) BtJ^pose X pour the liquid of beaker A into 
throuch 0 and the liquid of beaker B into a ^ar D«' 
the trough and the ;)ar have the same volume 
of liquid f 

(o) (After pouring the liquids) HOw do they 
have the same voltiae of liquid ? 

in a chart shown in different shep es in 
diffcolours we have to classify the ob^e ots 
acccrdins to simiXer shspOf size md cdlcur* only 




obdeots (No, 2 aM 12) satisfy this condition* On 
this the ob;!|ect number 2 and ob^Ject Mo, 12 have the 
same shape (circular) and sane size (radius) and the 
Same colour (Black)* Now classify these objects 
according to She^e or size or colour taking one or two 
propertied for each dassifloailon* 

3* A battery of some sil-octed Scientific concepts* 

A questionnaire reproduced below was 
constructed to test the attainment of the follocfing 
sdenoe conceptst area* density* force and pressure*; 

Q1*' Ihere are 12 cubes of sane size arranged in two 
different ¥ays*-««* 6x2x1 and ^2x2* Is the area of 
the table covered by the cubes the same, for arragement 
A as it is for arrangement B? li<hy *? 

02* (1) illiere are two balls of plasticine of same 
size and weight* What will be the effect on the 
density if one ball is rolled out into sausage ahapet 
(2) A piece is broken from one plasticine belX 
Nlll the densilgr of a saali piece removed from 
the vAi 0 %@ be different from the density of plastleihs 
of larger remalniag part f Olve reasons for 
your answer*^ 




(1) Ts/o piles of 12 oubos oach aro 

ajTaflged as 2 a: 2 st 3. Due to their i^elght 
does each pile push down with the same force 
on the table ? 

(2) If 1^Q cubes in one pile were put on top of 
the other to make a coliaan 1x2x6 wotild 
the force with which they push down on iilie 
table change ? 

(3) would the force cjf the pile pushing down on 
the table differ from the force of the column 
pushing down on the table i vOsy 7 

Write cut your reasons for olrcllng yes or no 

0 (1) 12 cubes exactly alike are arranged In 2 piles* 

Will Idle pressure on the table by the cubes In 
both the piles be the same 7 
(2) Wow each pile's made Into 4 columns 1x4x3 « 
If a column of cubes in one pile is removed from 
the table will Hhe pressure due to the remaining 
cubes be the same as the pressure on thetatsltf 

by the four cdurnns of the cubes 7 
0) If two columns are removed leaving the 

arrangement as 1 x 2 x 5» is the pressure on the 
table under the pile of the two columns differ 
from Ihe pressure on the table under the pile 
with 4 cdunns 7 Why 7 Welte out reasone for 
your enwms^ 

/ 
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PRESESITATrOIl OF SEI^BC^ED DA!£A 
TJ©I*E 1 

Meaas and S*D*»s of the piagei^ and Sooe 




tajbls; 2 

CorrelatioA between PiageUan lasksi SoieiitliSiU Goncc^^ts 
Xnte3.UgeJ90ef & AohleveineAt In Soienoe 


S^No; Piagetien Tas&s Soientlfic 

Conoej>tB 6®«®® In Sdenee 

Plasetlan Tasks 

» 0.4299 


2,^ Scientific Cbneept 



3, Intelligeflde ♦ 0*’5344 

* 0.3351 

0.0761 

4#' Achiev^ent in > r: «?.@i|0864 
Science 




* Values Significant at.Ollevol 
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Main Findings 

Within nontext odS the present study the 
loliov^iag oonclusions nan be dravrnj 

I*] Xhe nean snores on 5/4 ocf the scores the 
scores of the noiiaai GhUdreni conservation 
of liquid, proportion and classification 

indicates that these schaaes are not 
established within the grades 

and XX*' Similarly the taean scores on some 

sleeted solentifio oonoeptsi areai density ^ 

force end pressure reffects that the eonc^t 

of area alone is attained only in the IX grade*i 

2V’ !£he means of the scheme of thou^it and some 
seleoted scientific concepts show increasing 

trends with grade 

5*‘ mere is noticed a dip in some of the grades 

on the px^blem of ccnservationi classification 
density, force and pressure# Mua^ affect is 
eagpeetedi^^ 

4,' aignificfi^t correlRtion between inteUlgenoet 
inti^ectwa^ devsldpment and some seleoted 
sdentiiie oonospta was founds 

' S.3 A jCv di; i'ortiiscwik heWeen 

d 

/ , 

J ' ■ 

s H9'i 




5*! mere ia e slgnUloanft difference between top 
groi^ and bottom grotj^j (on basis of intelllgenoe) 

in ccnservationi intellactual development and some 
seleoted scientific cono^ta*. 

EdncatlonaX Xi^lioation 

iJeen Piaget has frequently said mat be is 
little interested in children pfiychology and eduoatlcijn 

H I 

' \ 

etc*^ if his entire \fOxk is considered me following 
educational implications ^peart 

(i) He e&phasises the jbmportance of activity in 
the growth of inteLligence«i 

(ii) He estplores in depth of growth of the child*s 
thinking in relation to certain universals 
in the contents of human esperienoes such 

as the nature of cheats* space* time* 

motion^ chance* causality* moral responslhility 
and social awareness.! 

(iii) He proposes that certain undexlylAg perveslre 
logicaCMsathematioal structures are found 
repeatedly in mese diverse areas. Taos* 

% 

Paris (Pleasure of discus slon)* Atheim ^ 
(the Bocratlo aemod) and JSLdorado are the 
fotir models worthy of consideration while ^ 
sobimtiaing the use of materials and cserelswi^ 




oa the one head and the type ot social relationships 
Oh the other f< 

O 'ly 

In the context of the present study* it can 
he safeiy considered that children should he allowed 

to handle abundantly the processes of though rather 
tlian the products of thought for which the use of 
materials and experiments can he quire handy. IQiie 
children alsonneed. to he trained in handling* their 
erratic responses throu^ eicchange of ideas that 
is they need no longer remain egocentric in Iheir 
intellectual hehatiour* It is yet to he seen how 
far the deficiencies in Plagetian thou^t as manifested 
hy children can he a handle^ in mastering abstract 
conoqpts* Here ylaget provides a deeper mod^ 
because it is through action as well as reflection 

on actions Idiat the real knowledge is horn in the 
mind of individual c h il d ren^. 
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De£inij:ur the urocessea of scdenaa 


Introduction 

Seionce education at the precollege level in 
modern India is an intriguing blend of rauoh of the best 
and some of the worst science teaching from all over 
the world,, jymerican teaching methods can be seen 
being spiled to a basically British curriculumi using 
Russian«*built equipment#^ In another areay a Russian- 
style program is tah^t by teachers trained in the 
British fashion^ using equipment develop American 

help, American^ British* and Russian textbooks and 
library books are used indlscrlninately, Hhe objectives 
of teaching science have also bean borrowed from a 
variety of sources# A study of lists of science teacdiing 
objectives in India reveals that each list can generally 
be divided into la^o categories# 23he madority of tdia 
objectives will be concerned with the science subject 
matter to be taught and mastered- tlie ooncoptSf theoriesy 
and facts of science* But also included in among every 
list is the admonition that children must be taught 
the processes of science# Bais lest objective is stated 
in a variety of waysf the scientific me-thod* scientific 

thinking* critical thinking, refleoUve thought, or sl^Us 

\ 

in probl^ solving*? 











31noa several groups in India are writing on 
new sol once content ob^eotlves, the Adiainlstratlon 
of the aegionaX College of Ek3uoaUon» Bhuhaneswar, 
eseetQhXedt a coMiltte© to consider the definition of 
the process ob()ectivefr Bie oosmittee, of which I v;as 
a member^ was charged with three responslbUitiest 
(1) the definition of this objective; (2) the 
pretp oration of lesson plans and other instructional 
materials based on this objective; and (3) the 
development of methods to evaluate pi^il growth 
toward it*' 

IShe following repJJ'osento our atterpt to define 
in operational terms the objective •* to teach the 
processes of scienoe“# fhe various facets of this 
objective have been listed in a hierarchy which 
conforms roughly to the schoae of the Teflconoiny of 

Biucatlonal Objectives* !Siat is to sayp the facets 
(Indicated by tlie A,B, 0, and 1,3,3 topics) are listed 
In ascending order from the siKple to tho complex*; 

She ordering of these is not meant to suggest sequential 
teaching stops* indeed* one of the primary reasons 
for the deveXopment of this list was to support our 
oonviotion that each of these facets can be taught as 
an isolated objective*' 




*Biq ■pyooega of Gcioatt^ 


implication of gonopalissations to nm situations 

1. Ability to de<motiV 0 Xy apply principles to 
specific o^eriences* Knm'ded^e that has been 
oonorlzod will be of little value to a student unless 
he can apply this knowledge to a new situation. This 
is soraetines colled *^going from the Imown to the 
unknown** since the student uses a general statment 
that ho has already learned to esiplain an event that 
ho has observed, a student who has learned certain./, 
principles of air presaure» for exanmls* should be 
able to S(p^ly these generalizations to such problejss * 
as why it takes longer to boll water at high altitudes 
then It does at sea levd# or why the use of a pressure 
cooker decreases the tine necessary to cook food. 

2.' Ability tonextrspolate beyond given data. The 
nature of scientific investigation is such that 
generally only ssuBmlos o^ evidence are available 
for use as the basis for decisions. iDierefor©# the 
student Eust learn to extend his thihking beyond the 
data (saumlos) that have been collected* He must 
be able not only to extend the trends of the datsi 
but to recognise the limits Ito which he can saf ely do 





B# Collection of data 

1*’ Ability tonldentify a problem. One of tlu 
most difficult techniques in problem solving is identifying 
tlie problem, Diia is specially difficult for the 
iffiiaaturc student who^ throu^ut his life, lias been 
given statements of problems vhich h© van to solve,* 
however^ it secsns logical that| if a parson is to leam 
hovt to solve problems for himself, he must first learn ! 

i 

ii 

to identify eicaotly what the problem is, !Qie student, ' 
as he participates in olassroom activities or as he > - 
observes his surroundings outside the school, must learh 

' If 

to question the %hy” of the phenomena he sees. He 
must recognize that he rarely knows the actual cause of-^ 

these observed events, even thou^ he knows an ezplanatloi 

\ 

that seems satisfactoi7«^' 

2,' Ability to delimit the problem. After the problei 
has been identified in general terms, the a ■hident 
must then state it in such a way that he can proceed to 
work towards a solution. For example, such a question 
msor be a sin|»le, straij^tforward. request for observable 
or measureable data, or it may be a hypothesis to be ^ 
tested about the relatloa of certain phenomena to ea<^; 
other,; probl^iis that cannot be stated with clear ^ 

•i 

parameters and in the realUc of observable pl^sioal phene 
cannot be productive in science and are, ther^ore. 




not oofisider to be a part of science* Before 
stating his probieiUif "fciie s tudent aust recogniae 
the liiaits of his ability perfona ej^eriaaits, 
the Xijsiitatiojns placed on him by the equiproent that 
he has avaHahley and the limitations of time* 

Moreover# he must be able to state his problem in such 
a way that it is possible to achieve an answer* 

3*' Skin in reading and understanding data la various 
forms* professional scientists yearly produoe tremendous 
amounts of data based on the observations that they 
have made* Since# in almost any problem area selected 
for investigation by the beginning science stui ent# 
someone else will already have collected infoimationi 
the student will find it necessary to read thd under¬ 
stand these data* A great amount of skill is required 
if the student is to be able to do this# since these 
data will be fcmnd in a variety of foms* aha 
student must leam to read and understand not only 

prose forms of writing# but ha must also be able to 
prof'it from data recorded in charts# graphs# tables 
and in mathematical statements* 

4*t Ability to choose a course of actlott by determining 
what data are necessary for the soluUon of a problem.; 
Before the student is able to solve ihe problem, he' 
has identified# ha must be d^le to select suitable ' 




data from ths maJiy sources o£ JAforaatloa available 
to him#* He jDUat "be able to abalyae the prolO,^ to 
detamiae what 1g?pes oi data are necessary ior its 
Solution* iHieh he laust have the skills heoessery to 
locate and retrieve the proper datai! 

5*' Abilil;^ to choose the best authority* Ihe student 
is faced with a variety of materials from many» many 
sources* Heme of these soirees are more reliable 
than are others* Ihe student must learn to judge 
the reliability of the souree and to heep this in mind 
while aooepbing information*: 

0 Analysis of data 

1»' Hlsill in formulating hypotheses* After a 
student has learned some of the basic concepts of a 
scientific discipline and has» from the data available 
to him# Identified a pi^blea that he wishes to solve# 
he must be able to formulate several possible hypotheses* 
the difficulty in stating hypotheses lies in the logical 
processes invaXve4 It is necessary that ths hypotheses 
proposed be consistent wl1h other known data# even 
thou^ these data may concern only sli^tly related 
phenomena*; Ftrther# the hypotheses must be dlosely 
related to the problem to be studied*’ Mcreov^f 
the hypotheses must lend ihemselves to the e^arimental 
me-tiiods available*^ ft must be recognized that# unless 
the hypotheses are amenable to the methods available# 


iTlV 




•fcestlag is La^1;|qr» the hypotiH^ 

be stated in xmemblguous terns, 

2*; AbdXlty to organize 14s ts a£ hypotheses. After 
a list of several poseiblG hypotheses has beea 
forraialatedi each student must be able to analyze his 
list,' He must first be able to test eaoh hypothesis 
llgioaHy before the aotUal sspirical evidence is 
colleotedJ H© must bo able to place the various 
hypotheses in a rank order based oh thoir probability 

of being true, so that a positive result from an early 
eu^erinieht vflXl elimihate all other possibilities! 
or he must be able to rank his hypotheses so that one 

finding ‘Win simply infonDatlon for subsequent 
ej^erlmentsVi 

5* bnderstaftdlng cause-and-effect relationships. 

^e abnil^ to determine \diether or not two events 

f 

are related to eaoh oth^, par'tioularly as cause and 
effect, is a basic elsment of solentific thinking* 
3i;?perstitlonai since they are often widely aooepted 
by the student^Is peer^ group or by his parents, often 
block further investigation Into 'the causes of 
pliei»»»,aa.< PwsenlfiM^on, the attrilMttne of 

qjwa and dbi^ectiveb to tbe behaviour of hon* 

' \ 

ob;3eots m^erhuman deitias, also direct 




the stiKiehts* attention away from the search £<x a 
hettor answer^ Confusing the cause vri.th the effect and rXe 
vice versg. ia another o<a3iaon mistake, Stwients must 
learn to questiontv^jhether or notnthe event caused a 
second, even though the te seem related by time and 
by location,' they must learn to qtuestion well accepted 
ideas when evidence indjaates that ihey are of 

V » 

que stionable\ Validity*) 

'■k 

4* Skill in testing hypotheses# Rigid following of 
instnietions whether given by the teacher or outlined 
in a laboratory manual, does not teach students how 

I 

to test Practical laboratory experiences * 

^ I 

should be more than singly exercises for the t^vi 
do 4 k Xn order to learn scientific processesi students .* 
must be allowed to devise their own methods of testing 

I 

iQrpothQSQS*! Xhe first oriterlonton of an esperlment ^ 
is that it have adequate controls that will allow tie 
student to draw valid oonduslons*! Second, 
es^erimeht should include accurate measuremeJit*’ lHhirdf 
the investigation must be closely related to the px^blem 

I 

being studied^' And finaUyt the sample of material being 

j . 

worked ^^)ith must be representative of the whole*- 


'/ 

f 


srbH 




Gf ^ni^QSiis ot Oata 


1# to 4ata liito senax’ailJiJEatloas* 

'i&lfcj is tlie ob;jootiva o£ inductive reasoning# 

!£Sie siudontj i4a.o is to bcoome & prodbctive user o£ the 
sciontlfio processes must eventually be oKLe to unite 
various data into an origiml unique generalization* 

Out o£ several ohservatLoius, he must construct a single 
theory that \dll ts^lain all of these and predict 
accurately the results of oth^ obsemtlons. In the 
viov; of the teaol^ieri the process that the student uses 
for this synthesis may be logical one* Or it may appear 
to be »or^tive* or intuitive* believer proe&sB is uacdi 
'iH’io end product is a statement ^diich is original so far 
as the individual student is concerned* 


2* mii^ese to withhold dudgemont until 
suffioien-l i^ormation is available* W scientifically 
minded per^^fa should be willing to suspend dudgettent 
until all t^e information necessary for the foimulatlca 
of a v^ld/eoholueion has been collected* Hasty 
iSudge?ients oense ihe bloohing of an individuals thoui^t 


pro^sses* ' 

7 / 

‘'f,' dhdgemente are based on the ebllity t& organise 

^ t 

data into meiningfol wholes# «» wiH as on conceptaiel 

i' i 
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understesfldiJUgs# lacomplote data eacourase tlie oarci^ul 
student to look additional inCoraiation* An’Dl^uoua ' 
or inconisiatent data aHould ixave the aans eiieot. 

(a) It laaKea the student take stook o£ ihle 
ayailntle Information* 

It involves the intorpretatlon of data along 
various dimensions* 

■\ 

(q) It Ic^lics the identification of ineonsi'^toneles 
In the data* 

(d) It involves recognition of hasty generalisations* 

\ 

(©) It involves examination of the extent to 

idaidh logical reasoning led to generalizations* 

r t 

I 

E* Evaluation of data 

1*’ Jollity to evaluate evidence* One of the most 

coB^lex of the skills that^mahe up the processes of 

J ' 

science is the evaluation ^bf'^ldence that has heen 
collected through essperimentation* Once a hit of datum 
has been id^tlfled* its value must be assessed* Two 
criteria are generally used in this evaluation* 

(a) n*n *»hiiitVf which refers to the truatvforthiness 

of the data in questlont ¥€ape the vari^hlcs of the 
©xperhaent properly controled? Were the ^eswrlng 
instrinaents appropriate for the measuiwedl^ being taken? 
Were the instruments read accuratalyy Are\tht data 

stable* er will they change the experiment is repeated 

\ 

M 

\ 

1 

\ 

\ 

S-oC 




(Tj) Validityit which has to do with the degree to 
which ah oseperiaent aotuall 7 measures what it was 
ihtehded to measures hoes logic support the mamer ih 

which the esperimeut was conducted ? Were the proper 
data eolXeoted 7 

2» in evaluating arguments* Many conclusions 

in science are probably baaed on insufilolent evidence* 

This will be ©specially true in the case of conclusions 

1 

made by Immature students* ^esa conclusions must be 

n 

evaluated sblely in terms of the logic of the arguments 
offered to svgjport 'fcheni* The science student must lie 
able to consider conflicting argwente and evalinte 
each of then in terms of both its internal oonsisteiwy 
and its a 3 ;t^nal logio*^ He should be able to do thJ^ 
without aliWihg his personal preferences or desiree . 

'•t 

to preiiudioe his evaluation* 

' ( 

3* Ability to distinguish among g»sua®tions» 
hypotheseSf theories# and established principles*; 

These terms are used here to indicate four types of 
conclusions I each at a different level of reliability*’ 

An asalD^tion Is the lowest level# being based entirely 
i^On crude logic and casual observation leading to tafeing 
it for granted that someiiiing is true* A hypothesis 




M© a great deal iBoj'e llkeliliood of being coiroct, 
since it is baaed i^on both logic and the evidence 
o£ a praotioal situation, a conclusion bcoonea 
a theory after a great deal of e^crlmental evidence 
has indicated that it is probably true. And a principle 

becomes established after it has been evaluated by 
@3^arts in the field and lias been found to be accurate 
at ell times and in all places. Lastly, the distinctioa 
among these four levels is not often clear out, ^en 
the most eaqoerieftoed scientists will gesnerally disagree 
on the classification of a certsin Idea* However, 
the student must learn to mahe such distinctions 
for himself, always recognizing that he may have to 
reevaluate his ideas as more evidence is presented* 




teflohlatr 


A seepiiig chaJEi^^js in science tsachlne 

A ^cat and significant fement has penetaated 
the field of science teaohiag* It is in^ossible to 
say when and whore this evolution began; no doubt it 
lias stosised from several different sources, Hi© 
trend vras clearly identifiable in th© nineteen twenties 
tmd thirties ♦ Hi© began to accelerat© ^^ust after 
v/orld v/ar II» and is now surging ahead with unceasing 

vigour - a full-fledged science education phenomenon 
in its own right« By now this new movoaent has been 
responsible for literally dozens of new science ooursesi 
from primary classes throu^ the university curriouluA, 

New teaching films and equipment have coma into beingi 
new styles of laboratories $ new kinds of examinations, 

UNESCO and UJJXGiSF^ continue to contribute talent and 
funds to this movomettti and the Cksvernnonts of many 
nations have assigned fiscal sig>port as well, aids 
powfisrful mov emen t In science education has many nam^f 
yet it has none,: ferns such as "concept development*# 
heuristic ”# ^inductive"# ’process epproa^i* and 
"inquiry" have been used to describe lids "new soienoef 
and the "new mathematics" to which it is intimately 
related, No scientific or educational institution is 




@3ccl.usi.v^y' Adisii’tiXied "with tliis movQOi^iTti) aj ud no 

p3fo£eBsloi];3X aBSoolaliiiio]! espouses tiie trejid as il*ts 

very ovm. The p)i?3iomenon helojjgs to m one^ yet it 
belongs to everyone* 

Bals new movaaent has several schools of thought 
Not all Its proponents agree with each oliier on u . 
underlying educational theory and Its applications* 

Yet it is clear that most persons active In liie 
field are pushing In the same direction# 

A nm look at the nature of science 

If there is one thing ifdilCh oharacteriaes 
the science^i it in a new hook at the fundamental 
nature of science* IQils new view has been generated 
from a variety of sources* Classroom teachers and 
educational theorists have helped to he suret hut 
much of the pioneeiT thought has come from working 
scientists^ philosophers of science# and diS'^ingulshed 

scholars from other disciplines^^ 

older viewpoint held that soience is a ' 
collection of knowledge# an area of sUb^Jeot matter# 
an array of facte and formulae and names and symholsi^ 

1 

content* the new moveseot does not deny this view 
of sciftttoe# hut it holds Hiis is only a part of 
science*^ Another aspect- at least as important 




shotaXd be considerDd too, T5iis other aspect of 
the solemtific enterprise includes* the methods 
scientists use to gain nev knowledge and the attitudes 
iwolved in their behaviour* Ihe scientific 
enterprise also includes the aotlvities of soicntif '-St 

and the role of science in a society* One might 
say that the older vievr of science was concerned with 
what scientists know t now this has been si^plenonted** 
not replaced-”- with i/hat scientists do. These 
tttro interdependent aspects of the scientific 
enterprise are described in many terms* subject 
and method#** *»content and activities«# %nov;ledge 
and behaviour"*^ We shell use a well aoc^ted 

;^air of terms throughout these pages— product and 
process* Because most readers are abundantly 

familiar with the product of science# we shall 
begin our discussion with the process of science* 

The scientific enterprise as process and product 
By the term process of Bcience# we mean 
the things that science and scientists do. We 
mean the way they locate information in books and 
magazines# the way they learn tbrou^i observation* 
the wsy they experiment (that is# manipulate the 




©javironment for puj^oses of special observation), 
the vjay they develop hypotheses, the way they test 
these hypotheses, the way they communicate their 
ideas to others*' Xhis is sort of things we refer 

to as scientific methods*- We thlzdc that not only 
scientists, but all men and women and hoys and girls 

can become more sxicoessful and more satisfied 
individuals if they have coa^etence along these lines* 

By process of science, we also mean the patterns of 
thinking vrhich we sometimes call scientific attitudes* 
We mean curiosity, honest doubt, tolerance for the 
opinions of others, openmindedness, willingness to 

admit when one is wrong, and an inclination to make 
decisions on the basis of evidence rather than 
tradition, si|>erstltion, or emoUon,^ Here too we 
think that peopl*-- aolentit-s and othws- ar* 
better off if they behave according to these patterns* 

By process of sclenoe, w© also mean the 
role of the scientific enterprise in a modem nation*^ 

We mean the part to be played by solwe in ia^^roving 
Indians agriculture and health and Industry and 
caamunioation end transportation* we mean the 




1 




part to be played by aoieaee in improvifus India*s 
agri culture and health and industry and commiinication 

and tran^ortation, ws mean tha ;functlon o£ science 
in improving general standards of living ond in 
helping establish perscsnal and national security* 
Perhaps» nost of all^ we mean the thing that science 
and. scientists do above all —• they seek satisfying 

exclamations for observed phenomena* Seen tliusp 

f 

science is a specialised kind of curiosity, a higlily 
intellectijtal enterprise in which each and eH con 
participate, each at his own level of competence 

and sophistication* What then is meant by product 

of science ? Ihis is the other side of the coin*; ^ 
This is the side «hich is basically knowledge, 
including facts and figures, formulae and equations, 

principles and eclentific laws, lads is. Indeed, 

the side of science to which most teaching effort 
in most countries has usually been directed. We do 
not mean to io^ly that product of science has no place 
in modifflcn. eduoationf that it should be r^laced, 
by process of science, we do mean however# that two 
kinds of changes are in order. 




TeaohiJtig science as process and protiiot 

For one thing, we are no longesr content to 
spendl eCU. oup educational offer ts teaching product of 
sdoEioe, Instead, we v/ish to give process of scionco 
a coBiparable share of ow attention and interest* And 
oven tx) the extent "•and it is a large extont^ that 

product of science is still a teadting-learning obdontlve, 

1 \ 

the ^l:^sis is changed* VO are less Interested in 
memos'/lsation of large numbers of ^ ecif ic facts than 

r 

r 

we ^e in useful understanding of a limited numbers 
of.principles and basic ideas* We are less interested 

' '' t 

jlUi superficially covering the full lenglh and breadth 
of science, and more interested in achieving con^rehenaicjn 

in depth of r^resentatlve fields of science. We are 
less interested in learning hnovfledga for Its own sliahe 
sake and more interested la learning 1he uses of 
Imtwrledge, and sources of knowledge* It is no longer' - 
sufficient to teaUh students vhat scientistB know— 
we need also to have students see how scientists have 
come to know it* M-y in this way we can produce 
a generation of citlsens who accept and appreciate 
the role of science in their lives and in the development 
of thAr ocuntryr Ohly thus can we educate a generation 
whiph includes a substantial minority of genuinely 
productive scientletSf engineers, agriculturalists, 
medical dootorSf and technicians* In a way* what is kaoimi 




is ixob o£ ii)^or’bojQoo*"***" 'this is r6GOZ*d&d 

ia the Xiteratwe of the woiXd* It is what hot khowh 
that Qoants* we mast produoe a generation of scientists 
\dJio can escploro the unknown, and who can put the 
!aiovm to good use in new situations* And we must 
produce a generation of non-scientists ^dio under«>iand 
and rccoi^ize the role which science has to play In 
their own —* and their nation*s future* 

Science product as conceptual theses 

the new look at the product of science has 
ifi^ortant implications for the teaching of science* 

/ 

/ 

We do not oast aside the teaching of Icnovrledse, hut 
we chang e the e&iphasis* We strive not so muoh for 
sheer quantity as for quality* we seeik not so muoh 

rote memorization as functional understanding* We aim 
not so much at the opacifies of sub;ject matter but at 
■tliie broad understandings end basic ideas which they 
oo 3 !^rise* Ihese broad understandings are coming into 
Sharper and shaiper focus in science education circles 

thrqu^QUt the world* iOiey go by a number of teams*: 

Ihe tana to be used here is conceptual ifeeae* !l!hua* 

f 

we try to taa<di theprodiwt of ,1 science against the 
perspeotiv® of fee conceptual tb^nes 'vitoioh constitute 
the real structure of cdentiflc knovdedge*^ , 




Vlhais aye the hohceptual theories o£ science? 

Many scholars have proposed many lists. !lhe ossaet 
jaature of a glvoa list is not so i!i 5 >ortant as is "the 

idea of thinking of knovdedge in terms of some 

Mt r;,f-f yeatsf. A sood set of conceptual th<aaes 
ahould be reasonable in number, should have wide scope 
and application, and should have intellectual si(palficanc 
l^pically, a good conceptual theme cuts across familiar 
subject-matter boundary lines of science* A conceptual 
thdme is not a substitute for knowledge-— rather it 
in an understanding tot^ord which specific knov/lodge 
contributes, and without v/hich specific knowledge 
is relatively meanln^oss, uaeless, and uninteresting* 

Gonoi^tual themes are closAy akin to what Bruner 
describes as the structure of science in *Iihe Process 

of Sdhicationi**' 

Many scientists and scififice eAicators have 

tried to produce usefhl arrangements of conceptual 
tbeanes* !Cwo are simimfiUE'lzed here by way of illustration 
which have been suggested by Brandwein in teaching of 
tfeienne and in Curriculum DeveXopaent in Secondary 
Schools V Briefly presentadi these are* 




First olassitLcation 


Under ordinary conations# matter can be 
changed but not annihLlated or or sated* 

2* Under ordinary conditions# energy can be 
cilianged or excjhanged but not annihilated* 

3# IHiere is an interchange of materials snd 
energy between living things and their environment* 

4.’ Sx® organism is a product of Its horeditgr 
and enviroment*: 

3« The universe# and its componont bodies# are 
constantly changing* 

6* hiving things have changed over the years* 
Second classification 

1* Evfeiy effect has its cause or causes. 

2* Scales for tiae# position# size sad tniotion 
in space are relative# not absolute* 

3# Katural laws are universaPl# demons trdble 

r 

ttojugh time and space*’ ’ 

4* dissimilarity and diversity or® normtlx 

( 

qualities in natural phenomena* 

3* In ^it« of natural diversity# there ^e 
imt^erns of similarity among things in the universe} 
th^ are amenable to useful moop-made system of 
olansifloationv 

5* Change is a notmal condition in the dynamic 
contianiity of nature*: 





Im IA Spit© Of Aatupal ohatte©, ttie iAfluoaoe of 
Iioi^odity tends to inaiAtaio. oharaoteristlcs of living 
tiiiAgfi froia on© generation to th© next* 

8* Interdependence and interaction with ©nvironnent 

are universal relationshipn in nattre*; 

9* Matter is particulate in nature , , 

10* Energy interchanges acoon^any every nalwal 
occurrence *: 

11* ^ergy can he transmitted in a variety of £omsi 
and manners* 

12* Fields of influence extend beyond iiie place of 

s 

their origin* 

13* ^uilihrium is a condition towards which aU 
aystm in the universe tend to evolve*' 

14* Living organisms are highly specialised syst^s 
of matter and energy*; 

13* Oie sum total of matter and energy in any isolated 
system remains constant** 

Beth of these ssaple sets of oonct^tui^ themes 
and many others which have been devi^ppedi are useful*' 
It is less iiijortanfe which of the many proposed sets 
of conceptual thetaes he inoflrpor 9 .ted Into a given 
science teaching programf it is more important that 
the program persomel accept the ba&io philosophy cf 
science content being structured around some useful 
set of mador generalisations, broad understandings# 
basic ideas# oonoeptnal themes*^ 




proQ02s stid 

product in soicuGe teaching 

TiJhat ahould be the relationship betireen 
process ot science and prodict of science insofar 
as science instmction is concerned ? Fortunately# 
these tw aspects of our subject need not compete 
vdth each other for time and attention. On the 
oontraryi process and product si; 5 >port each otheri 
each is supported and strengthened by its counterpart* 

If we strive to teach scientific thinking to 
students# it immediately becomes nppnrent that we 
cannot do sc without involving scientific principles* 

One cannot be taught how to think without having some 
knowledge with which to think* Children la am to 
make and interpret observations by actually making 
and interpretting them with real data in real situations<r 
and this involves subject matter* Students cannot 
loam c£ the significance of science in their l^es 

without euLi&o learning of the accon^^lishments of science* 
'Ihey cannot sppreciata *lha wc®k of scientists without 
kno\'ring what they have dona#' leaching toward tie 
process of science cannot succeed without substantial 
support from knowledgef the pmdict of science* 

If# on the other hand# we strive to increase 
student^s oommand of soientlfio knowiedge# we find 
that much more than mere memorization of f aota and 




iigUTfiS is involved, Stittea'te oiten sucooed in 
oOiiimitinfT spGoif io pDrool'S g£ scx&ni:l£lc lii£oj,Maclon 
to snEsnory witbiut really understanding tto or tixeir 
signif iocuacs. Ihey aowetiiaes learu b],indly vfliat 
scientists know vdLthout ever be calling acquaintad with 
ths process by vhioii scisntiats l^aovi it# lUcy becoEie 
consmers oi saiontlJCic achievsients, never interpreters 
or s^pliers or producers of nev ideas# XSiey knew well 
wh3,t Is already known» but are uixu^ae to add wore to 
man*.s store of knowledge# Product of science thus 
taui^bt becoiRes a xdererft&toric of Inforajation^ 
paiiistcJklttsly maaoriaod, sclfloia u-sed# often ciislllted, 
all-too-soon forsoti^on* Xf^ on tho otaer iiand^ 
stui ont^ are permitted 'to chare iix gjrthering tne 
evidcuaoe on vMoii, soiGiitlfic principles are based, 
they get a gLisips© of the process by \ihicb the 
principles were developed# if they tbssiB elves 
participate in the development of rqjresentative 
principles, their understanding and their retention 
of the ideas is gi*eatly enhanced# If from thus to time# 
they can be a part of the creative process through which 
scientific principles grow, they taste the exoitaaent 
of discovery and achievesient"** svk^ involvement can 
do much to give ttem a positive orientation toward 

sciencct 


sxa 




Tilus ve Gee tlaat process and produo1><* the two 
a^GC'ts o£ 131.0 soientiXlo enteiprise-*-not only 
si^por^t esch other In the leborntorles of scientists^ 
hut also in iikie classrooms of hoys and girls* 
K^perlence has shown that once teachers get the Idea 
of this "new isind of science teadhlng"i they like 
it* Btudents ^et the idea sooneri and they like It 
too*^ ihe "new kind of science teaching" turns out to 
he more stimulating^ more effective* and more useful 
for students and teachers d.ike>—> and for all of them* 
more fun*' 
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a!EAaO:KG SCIBXTCB TOHOUGH PIS CO^rERY 

posijig taie prolSLsiB 

Xa. the most o£ Ihe classroomst eoienea is 
bexfi^ tou/^t ancl l&sa:*taed as a hddy of facts whidi 
are InfsuLlihle^ imaltcrable and once studied shall 
serve life-long to Idle individual. If vre continue 
v/ith these cliches, we are sure to continue with rote 
memorization of mere facts end minutiae of science on 
the part of the learner. In that case, science 
teacher shall continue to function os a disseminator 
of infomation; Bals is evident even In those class-- 
rooms where teachers are graduates and postgraduates 
in science* ^he situation is worse at the primary 
stage where even teachers are unqualified in science 
subjects as well as there is absence of equipment 

and other facilities for science teadxtng.amebearning, 
where there is a favourable environment for sclenoe 

teaching and learning* the brute fact of the matter 
still remains* Science teacher is neither a purveyor 
of soientifio information nor he is an initiator i. 




o£. learning ior learnings soke^ on the other hand* 
he is a stage setter and children are Initiated from 
“learning to thinking**. This vill help in preparing 
critical thinkers* ready to meet the challenges 
of unluiown* imprediotahle future* This is the 
purpose of science teaching where we relate present 
with future in cleusszx)oms and children acquire many 
ahllitles to function as a problem solver "par 
excellence"} a rare quality of a working scientist 
as w^l as a highly distinguishing characteristic ^ 
of any first class educational system anyw^ira 
in the world*' 

The changing concept of sdenoe 

A valid and functional concept of 

science and the use of the proper methods of 

teaching science will make science teaching and 

learning effective and useful# "When we talk of 

science* merdy* as a body of hard facts* misi^^ a 
significaKt part of it* V« call it processes of ^ 

scianct or the modes and methods of discovering the 




knowledge or facts of solenoe. Joseph J. Schwab 
thinks that sdenee should not be taken only as 
a “rhetoric of conclusions" hut It should also 

the "eothihitlon of the course of Inquiry*. 

Study 61 science should help In uncovering the 
laws of nature. After all, sdonoe Is the 
"IntorpretaUon of nature* and man la Its’lnterpretor' 
Science has assumed a dynamic outlook. 0*e findings 
of science are tentative or provisionel. acy are 
subject to correction in the ll^t of new evldonees. 
Soientlflo knovrldge Is revlslonary In oharaoter 
a “teaporanr codex". doctorlnee of long 

atsndlr^ «re altered by new findings W now evldenoo 
^ klstory of sdenoe is studded wllh many Bering 

a^les to substantlet. It. Hurd hss very sptly 

presented an emerging concept of soi«oe, 

Paote in and themselves simply do not mek. 

la not simply an ebstraotlon 
a Bdence,' A science Is not smp 

I ^,ta. but an IttteUectual creation 
data# 

j s. T+ ia tiia discova^y 

often suggested by the data. It 




order eififtoag the data that maltes the selenoe* • • #« 
3Gi.eo.ce I 3 au intellectuaX activity which arises from 
personal esfperience and takes place in the minds of 
men* Xt is simply a way ot using human intelligence 
to achieve a hotter understanding of nature and 
naturals laws • 

fo initiate intellectual activity in 
classrooms I we need emphasis on the processes of 
science or modes of discovering scientific knowledge# 
!rhis changing conc^ of science demands a change in 
our teaching! in our institutional and in ourselves 
who are working as science teachers* While a child 
is passing Though the processi he aoqxiiroa the 
concepts of sciencei gathers Infonoatlon of conoeptuel 
schemes and ultimately develops a picture regarding 
■the structure of soience» Therefore! it is 
essentlial that we understand the proper end deeper 
meaning of science inherited in its nature* and 
practice disoovery learning to dind the structure 


of science*’ 





Wait I0 dlsooveiy ? 

} 

I 

Bie promitiajil; woi^sers An iie fidLd of science 

/' 

I education advocate the use of discovery method of 

\ 

/» 

* inquiry approach in science teaching* Many strongly 

I 

; favour the use of prohlea solving method* Webs or's 

/f 

] Merican li^aticnary interprets discovery ast to 
discover means to knovi to find out} to uncover it, 
etcj and discovery means, eu^thlng discovered* 
Similarly, to inquire means, to seek Infomaticn and 
inquiry means an investigation or examination etc* 

» 

Other vicrkers describe dlsvoery or inquiry as an 
attitude} a state of mind} a way of learning} a 
process of iavestigationi ah uncovering, and a search, 
for truth* ihere seems to be subtX© difference 

between discovery approa^ and inquiry method* On t 

' \ 

probleja solving, of course, David P. Ausubel 
contends that it involves'discovery learning, if 
problem solving is meanlngiul and woriii^diile* 
aforesaid meanings of dlsoovery/lnquiry ^pear to 
be skindeep and peripheral,! A critloal analysis 
of few definitions along with some examples will 

oiarfcCy it further*^ 

' \ ' S"^ 




On enc(Ui3?y Schwab statssp "to teac^ sclenoa 
as 6ftc[ul3;y means« d^lrstf to show students how 
ICAOwledgs arises trom the inteanaretation of data^ 

It means# second# to show to students that the inter** 
pretatiott of data indeed# even the search for data** 
proceeds on the basis of concepts and assumptions 
idiat change as our knowledge grows# It means# thttd# 
to show students 'that becaus e these principles and 
concepts change# knowledge changes too" (2)* 

I 

Gagne states that enquiry is apparently a 
set of activities characterized by a problem-solving 


approach in which each newly encountered phenomenon 
becomes a challenge for thinking (3)»‘ 


Bruner# here# addsi X do not restrict discovery 
to the, act of fia«Un^ something that before was 

I 

ut^own tp mankind# but rather include all f coma of 

obtainii^^Wpwledge for oneself by the use of one’s 

i, ' , > J 

I * t 

mi^d *####r-*.penaltting the student to put thingti 

foriJUtwei*, to b* hla o*Btt ais»0Ter8r(4n;> 










Two Illustrations 


Activity 1* Qassifioation of ob;)eetat 
Stuiients of primary classes were clveti a few seeds 
of different colour^ shapen and else* Qie students 
were ashed to classify th^ into different groins* 
Children observed things critically and tried to 
find out differences in physical properties* Many 
tines, children changed an ob^Ject in order to observe 
further minutely, sometimes used instruments or aids 
to find out details* Ihey repeated observations 
to ijDprove reliability* Thus, on the basis of 
observation, they perceived similarities and 
differences In these obaectsi separating them in 
different groins, develc^ing id the process arbitrary 
classification scheme etc* While trying t® recognise 
themi children were using "ttia processes of science 
end simultaneously gaining aclentlflo knowledge or 
conc^ts of science* At hi^er grade level, students 
may olasslfy animals and plants and may use their 
own cr iteria of classifying things* 




^tivity a : Ifttei^lepeiKieftce of pleats aad anliaj^s** 

1 

A Study of aft aquarium will help la uaderetaadiac 
relatioftship of aquatic plants with fishes* CMldrett 
learn about the living conditions of plants and animals, 
Ihey try to find out the signifioance of water § tanperaturc 
acidityt and alkalinity for living* Here# students use 
observational skillst classificatloftaL abilitiest 
abilities of conducting experimentation ^d drawing 
inferences from recorded data* To acquire these concepts« 
students use different modes of inquiry* 

From abovQi it is easy to see that discovery 
learning is characteriaed by the following p^?il and 
teaching behaviours* 

1;^ Children participate actively in the proceas 
of learning for they are exposed to the 
fundamental scientific phenomena* 

2,’ lfhild*'«tt tscy to learn themsaves and# in due 
course of time# they become self 1 earnersv 

3*^ Children try to organise and systsRatime their 
findings which provide an opportunity S>t 

analytical thinking*^ 




4* !I3iq jtoIq of the teacher 1 b mialaiaed. But he 

ie hot out frora the teaching learning process. He 
functions aiore as a ^manager* or organizer* of 
learning activities^ rather than a dlsB^lnator of 
Inforiaatlon,. In fact, he is a participant not only 
In his own education but dso In their self education#’ 

Is discovery epproaoh new ? 

fhe recent resurgence of Interest In the 
laboratory work or esqoeriiaeRtatton shwir that 
discovery epproaoh Is recent in origin* But it Is 
not so*. Ihe above mentioned characteristlca of 
discovery approach show that many of these were in 
use since long* Utodeyi they have gained currency 
because It has been Included In all curricular 
prograiaaes of science*' A brief hlstorial perspective 
la given here to peep into the various processes 
involved therein* Socrates claijaed that he never 
taught Ms students*: He raised questions and 
tried to present situations where students can find 
answer# to their questions* Of oourse* It needs 




ott “bho pSiT’t o£ the Xeerhor* Socratlc tttt0tiho<l 
is Oil® of the glaring exaii^jlesnwhich present a few 
dements of discovery approach. In the present 
century of the ohUdi the Progressive Education 
moveaiaeht gave many significant strands of dlsoovery 
^proaoh. EkseijIgs aret project methodi activity 
method* problem solving and child centred learning.’ 

All these new educational notions centre on Ihe 
active involvement of the child In the process of 
learning.! Ctscovery is also associated to a oonsiderabl 
degree v/ith the inductive methodt scientific method 
and Amstrong*s heuristic method. tJohn Dewey in 
'How We fhinfc** hl^llghted many aspects of discovery 
approach in general and creative critical and 
reflective thinking in particular# In the post" 

^utnih era* Schwab* Bruner* Gagne* Sucbman end 
A!Usub«fL are -tee world known proponents of discovery 
aKproaoh*^ She advocated discovery learning in science 
teaching*' sic® subscribe to tie new slogan that 




ec3uoatiojti should help in pr^arlftg "critical 
•taiihkera*. In our countiy# Dp. A*c. Joshi 
gave such a claz'ion caLl#^ 

Vjby discovery approach in science teachiJig ? 

Bfeiere are many advantages to the learner 

when ha applies discovery approach in learning 

science. Bruner contends that use of discovery 

results in added intellectual potency, shift from 

eattrlnsio to intrinsic rewards i learning the 

heurlatios of discovery| and the aid of aemoiTr 

process. i<hy ^ Because teaching science throu^ 

discovery shows science in flesh, hlood and hones. 

Here, we can emphasize processes of science, a very 

vaXuahle and a significant aspect of science*! 

GhUdren try tc find out concepts of science when 

they learn science thrcu^ discovery. Biey A so 

leam that science is more than mere facts given in 
hoohs or mentioned hy the authorities because It was 

known to them* deeming concepts of science. 




oonc^tual schemes ia science give an idea of the 
structure of science^ Slovak contends that ihe 
structure of science may he viewed as the ’system 
of ma^jor generalisations or concepts together with 
the process by which tliese concepts are obtained aisi 
enlarged’* CMldren will understand concepts as they 
see them In the context in which they emerge and grow* 
Discovery based science progrisame take into considera* 
tion the naturol oharacteristlcs (wlllinEAess to 
investigate! the ability to iaiagine procedures of , 

doing work etc*) of chlldr^r willingness to investlgat 
the ability to imagine procedures of doing woik and 
td dlH^ain an acceptable solution*’ 

Ride of the science teacher in discovery learning 

) 

She solame toa<3i$r has to play a key rde 

I I 

in discovery learning* He has to create an intelleotud 

I 

climata in the classroon^ He carefully plans a 

{ 

seqiuenoe of learning activities covering a period of 
time* Blaming involves preparation of ins^uctional 




mate^’ial suited to the particular age gronqo» «35ie 

I 

teacher Is uot ohly ojx *laltlator * a£ discovery 
teaching but he has to sustain the iatollectual 
ollsiatc in the dassroon until learners realize the 
significance of self learning* Tae science teacher 
also helps students in selecting proper activities, 
in identifying proper topics and providing guidance* 

Conclusion 

!£here is enough scope for teaching science 
through discovery if we understand it properly 

* ^ 

and put. sincere efforts* It has its own v^ues in 

I 

learning. But discovery approach is not a panacea of 
all ills in science teaching. In the fifties,' 
aliaost all soienoe curricular projects started' 

r 

iislng it* It can he used through laboratory work, 
by © 3 (perlBientatiott# demonstration or discussion* 

It does not demand sophisticated instzuments is 
generally supposed* Ihere are a few obsespvattons 







'Y a < 




V70 sliouZd always kcqp iii viswt 


1. Dtsoovery approa<jh la not ^plicalAe In all 
situations*' 

Z* A thorougfci study of cLifferont schools of 
thought in discovery learning is needed on 
the part of the teacher. It includes ideas 
of John Dewey^ Jean Piagett Joseph J, Schwab» 
Jeroiae S* BLmsssf-and Robert M, Gagne. 

3* Psy«^ological and sociological aspects of 

discovery learning need thorou^ understanding* 

4,‘ Activities organised for learning through 
discovery should be graded so as to suit 

the age level of children 

5* lUscovery agjproach may be practised right from 
grade one cm/ards by using ss^ploratory, 

inventive and discovery lessons as attempted 
in the SCIS project*’ 


m 
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Improvise Ca^sroqm ImtrucUon Sm. SoiGnoe 
a3a^ugilbi Ei/aXiiatioft 
(Problems and. PerspectiveB) 

latrodMctilon 

Evaluation laovemeAt Is about twenty years old 
in our countiy* In this period, there is hardly any 
individual oi signifLcanoe in 1^e secondary education 
\‘&io has remained uninfluenced 'by the massive invasion 
of this movtmaenb* Shis is a splendid achievement* 

Oelng a late starter, Ra;$asthan is doubly proud because 
it also happens to be the top state in the io|}lecientatlon 
of new ferments in evaluation on a very larlEe scale in 
so Short a period under the enli^tened leadership 
of the State Biucation P^artment and the Board of 
Seoondary SSuoation. Ihe question that naturally arises 
in anybody's mind isi idiat |ms been the i^aet cflt 
evaluation on the improveaent of ol ass room Instn^tion 
in the face of the bnovrn concept and functions of 
evaluatlont One hardly finds the answer* Ihere are 
several re®sKjns for the safflie* Plrst, In escoiteraent, 
the basic iheas ware horrowed from foreign literature 



jrae 




wi.tliou'ti cifiy hoiflQ\/oi^k Ia. liie ooim.'liny* 

Soooii^yif n’t ’fch© ^vaXuativa stage ef the lesaoai^ too 
much ax)eol£ldL'^ wjis ia^Jected so that tl» coasof^uont 
reasoning ot tiie advocates oJf evoluatlon bec.'Vie 
transductlvaji that prologlcali :£rDia pcnrtlcular 

to partlculaTi at the cost of generality o£ conoepts# 
!lhlrdXy« the es^Xoslon oi icnovrledge range ti^e dea1^ 
knell <3d? ob;jnotification of answers^ that ist 
statistioal reasoning hecone dominant inoreasinglyt 
Fourthly^ no attesipt was made to relate evaluUon with 
the methodology of lnstraotlon» !l]he direct relationship 
between the two was e»tomatlca21y assumed# Hfthlyip 
there was no philosophy of evalitation to guide the 
raoveaent* fcrmulatiofi and reformulation of cb^otlvcs 
more and more productively# productive teaching methods 
and imaginative evaluative strategies leading to 
replanning# reteaohing and retesting# ©valuatlan meant 
recognition# cos^leticn# true falsa# acultlple choice 
and matching type test items* gi a t thl y# in the name of 
easiness sn wall as the vastness of task# attitudes and 




E^preclatlong riaafitted a foreisti territory to -iiio 
influence of the evaluation noveaent. It thus 
turned out to be a case of mlseduoation rather than 
inadequacy of instruction and testing on a large scales 
Sevently, our University Professors showed little 
Ijxfcerest in this moveaent* lastly, whereas the 

f 

evaluation tended to enhance objectivity, the intemai 
assessment hindered it colouring everything in the 

process* Even copying became respectable in the 
eyes of the pi^lla* it is, therefore, least 
surprising that evaluation as visualized in itsi early 
years of development did not cross the hump of the 
isapiel (S)# 

Some basic considerations . , 

(a) Objectives* Ihey are our educat^onsi 

I 

intentions which give direction to our efforts 1 
provided we tahe them seriously* Let us attsD^t 

to see them in term of kinds of changes whidh we 

wish to bring about as a result of our schooling 

procesSf not en easy tesk because more could mean 


rift 








vfors®. Let UB sKamine our to state 

Leliavilours la regard to a particular school subject 
i^hich our various categories of students should showi 
'Are they capable of acquiring these b^avlours? 

Is again a question of judgetaent as veil as of In aginative 
procedures* Another disturbing question, “If&at vlll be 
the studeints doing with the content, ve give to them 
in our dayTto«day instruction?" We find ourselves in 

several dlfflcultless intellectual and enotive for our ^ 
educational eystem, de%>ite our efforts to change 

'j 

it essentially ronains clerical in spirit at its ^ 

very heax’t* Cie oonsequenees of our failure to tackle 

this porblsm are obvious. TeachArs have lost interest 
In th® fomulatlon of objectives for they believa that 

they can arrive at the destlnatlnn in an un^ self led 

bus driven by somebody also* Narrowly speaking# they 

> 

siB|>ly care to cover the syllabus with a heavy heart 
rather than onoover It. !Ebey do not care to hold in 

i 

focus these terms %dilch are more specifiable# meaningful# 




and iJa torms more measuralaOLe than vague words like 
understand* familiarizep know and acquaint etc# Imagine 
tl:^ change in the Classroom interactions and consequent 

pleasure hoi^ to the teachers and their pi;^ils when at 
the end o£ the lesson* Ihe/ carry out different processes 

of thought on the same concept# Consider the f cdlowing 
saj!|>X@ termsi 


1 * Analysing 

2* j^pplylng 

Assemhling 

4.^ Oiecking 

% Collecting 

6ft> Classifying 

7*: Discovering 

8< Defining 

9** Dismantling 

10* pegenersllzing 

11*' Hypothesizing 

12 * Limiting 

15, XiOcatlng 

14* Kathematlzing 

15* Outlining 

IS,;, ©lantifying 

17*! Heformulatlng 

13*| Selecting 

19«' Summarizing 

20* TeUlng 

£1*. Tranf erring 

22. Yalidatlftg 

a3* y^ifying 

24* Siting 


Xt im posslhle to use each of the ahcve mentioned 
key words In many diviwree sllwfitione in the formulation 
of behavioural oh^etives in different types of lessons* 





For ®xaiiLplo# could BiesiQf comd 

Kieafif seleolilfig a Jtacti coJaoept» priaolploi approach^ 
prooa@3| tool or even non^aeGLectlon (rejection)v By 
planning leeaona Ijehaviourallyii "tiie teanher^ to a 

large e^cteati decentralizes ihe teaching-learning 
prof^ess hut does not lose the centralized control 
ot the cla@St 

(h) Learning experieno^^ methods and outcomes* 

In the Handlraok o£ Bnsearch on I'eachingr Gage saysi 
•Teaching is an intrlguingi Smportantt and eojs^jlax 
process* Because it is intriguingf it attracts 
soientiiia attention* Bccaus© it is important# it 
merits oaretul research* Because it is confusing* 
research on teaching needs many sided preparatlQA*(1)» 
Several prohlems of lesmlng theories and eduoationel 

teotologles lie hidden here iddch evaluation movoffien* 
in this ccwnfery dii nt all try to bring to th« 
surface* Bqhody really hnows ho»r Indian children 
fozm scientific and mathematical conceplai or apprc^ 






divsiTsiQ pro1^@niEL'ti,o sjL'fcVte.’fcijons* We sljIso Icnow 
V63?y llrt'tXo how tjh© vsjt'J.ous mothod woiic w'X'th 
oo.'togox'JLos of ox^suL cielihodSf 

o'bsex’va'tloftal methods ahd practical methods* 

/ 

Siis does not at all esdiaust the various availahle 
methods* doeumeatatlont debating^ audio-visual 
methods I individual and groi^^ methods and ooordlnatlv 
methods (field of Interest method)» Ve also 
forget that a student vdxo is consulting a dictionaryp 
mapt supplementary material and interviewing 
important people from all walks of life(of course 

relevant to the problem under study) is documenting 
himself* He is thus face to face in a true-to-life 

j 

situation and is* in his own way^ at his own levels 
trying hard to aas^ble docmentary material which 

he studies and oollates in order to show ths 
interdependent limits* In short, overall obdcoti’^e 
of aH these above mentioned methods is to^ev^op 

j ' ^ 

reflective atmosphere in the classroom and th^^ i 
laboratosr*' i» paAn*>l to rqiost tha'^ in a 

swvay report OB Physios lewhing la Sa^asOiBa 






we £eimd the.'t the ph/eics teaohei^ hardly use ejiy 
variety in teachiiig^ for axample, teaching In 

a wider setting^ disoovery approaches# use of 
prot^^ solving procedures and teaching through 
individual and small grot^s projiects# ic put in 

other words( approach to teaching r^^ains the 
same despite the drastic changes in cuxriculimi# 
philosophy and materials# Cramming and copying then 
tend to short circuit everything educatlonsit?^)# 

PsychologlcaL rooting 

Xt is pity that vcrynllttle is known in 
this country about the psychological structure of 
one school subdeot# On close analysis# It must 
be pointed out straight away that the eLaments of 
unit and lesson plan or even the so«called principles 

of tea<^ing do not at all clarify and pBy<diolog|lcal 
principles# Apart from reinforcementi we have to 
learn a lot in science teaching from the Gestalt 






and Piagotian Psyc^olo^r 13ie ^former visualizes an 
active role for the learner in day'-to-day learninge 
It discourages the acquisition of facts» concepts 
and principles without understanding. It stresses 
divergent thinking^ that isg going far beyong tlie 
starting point in one^s thinking by setting all 
sort of hypotheses (ikpen ones) and testing them 
against the given data and the demands of the problem* 
Thus the consequent scientific concepts or insights 
are geluadd through a series of snail acts of dtsoovery* 

At the higher secondary stagOi the educational 
in^llcatlons of the Geneva School are Imiaense* Piaget 
appears to say somevhat as foUowat 

Intelllgettce develops in stages# that l«t 
prelogical (07>ears|) and fonaal (H'-IS). Airing 
the first stage# the child*s thinking la governed by 
the perceptual considerations of the situation* 

At the Miier stage# it is tied to the ooncrete 
situation that is# reality ratharf' than possibility 




dominates reelistlo thinkiag^ He can 

doralnatea his thinking. At the third stagst pessihility 

dominates realistic thinking. He can then see the 

prohlem from several angles at the same moment. 

Ho then further says that a teacher cann give an 

idaa to his students until and unless they try hard 

to develop their own cognitive structures, otheniise^ 

it amounts to lecturing a pig, Carl Rogors algo makes 

more ot less the same point that a teacher can't 

influence his students straight away, Olhe consequences 

of teaching are either insignificant or harmful at 

its worst, Leafningi in ordet* to he wir!iHihwhlle> 

should be self discovered and self appropriated* 

Flaget emphasizes Bducatlon for Understanding* She 
Job of ihe teacher is then dear. His ^ hot 
merely to iD^art factual information to his pupils 
but to discover the relevant and necessary operations 
implicit in a given unit of teaching. He should 
present the learning situations in such a way so es 
to make them invent and discover knowledge, es far as 




possi'bXsit ©w 'their own steas* Ke fxir’fchcr adOls ■tha't 
v/e do no1j give children this %ypQ of experience when 
we teach them either too fast or too much. * teaching 
means oreating situations vdien structures can he 
disooveredf It does not mean transmitting structures 
which may he assimilated at nothing other than verhaX 
levelIt is for this reason that John JHalt did 
not find any suhstantial difference between dull mid 
bright children st)idying in very aspensive schools 
of i!|merical the former forget before the examination! 
and the latter after 1he e3?amlnation(6) 

Illustration 

Wo instructional planning of idie conventional 
variety is required. Esspose your p^^U5, whatever 
their age rangef to the following questions. Help 
thm examine their various answers^ both right and 
wbong* Arrange their responses in the ascending 
order on the b^chboardt the last response being ih e 




oorreot amv;er to tho problem, )p.ways aak for 
evidowce or the type o£ esperimeat aeoeseazy to 
answer the question# 

1 ,; A bell jar is plaOed over three candles of 
different heights are simultaneously 

M^ted# Which of Ihe candle will extinguish 
first ? Give reasons^ 

2 » If you go swimming at the baths # you may hove 
noticed that the swimming pool looks less deep 
that it actually is, ^s is called its 

depth*. Ram one day measured the 
real d^ths and the apparent depths of a 
number of swimming pools* He ccfLlected his 

results as followst 


Real 

depth 

Jipparent depth 

1 # 

8 ft 

6 ft 

2 # 

ta ft 

9 ft 

5 . 

20 ft 

15 ft 

4 » 

28 ft 

21 ft 

5 * 

100 ft 

75 ft 

6 # 

80 ft 

t 

T- 

f 

iao ft 

Sil'i 

X ft 


0* 


y ft 


r*ii 




TfiEri'fce fa iS'ta'b^eA't which, how you fouAd 
"Wie vuriaus a swers» This statement may also help 
you to ah ter the third question written below# 

3# A ilesh tank is 52 inches deep. It is filled 
with Water and a fish is slipped into it# A boy looks 
down on the fish fro® the above surface and the firsh 
appears to swim 24 inches below it. His friedd put 
his head under the tanls and at the same time^ the fish 
appears to him 12 Inches away above the bottom# The 
problem is to find the thinkness of the f Ishf you 
can ignore the thickness of the glass# Assume that 
real depth/apparent depth* 4/3» Majority of the 
sJMdnts fail to solve this problem. 

Shereforoji phrase the same question in the following 
form) 

a) Draw a diagram* 

b) What is the apparent d^jth of the fish idsan 
seen from above? 

c) What is the real d^th of ihe fish? 

d) What is tha real depth of the fish seem fawm above 
helowfe 

e) What is the real depidi of tdi® fish when 
seen from b^ow? 

f) What is the combined real depth of the fish 

When seen frcwn above as well as from beloW ? 

1 

It 
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g) lifliat la tha real depth o£ the tanb'? 

H) N<nf determine the t’ skness of t* rish* 

Utie order of the qut ions mentioned above could be 
different» Our only pur“ » is that the students should 
tackle parts of the probloi unaideda The questions 
id the form mentioned above ^ not si?;ply the 
ansv/ersa Insteadi their an^ .s have to be thou^t 
out(6),^ 

4a; ^ite short answrers to the following questions? 

a) Miat will happen if we continue to live in a 

dark and unventilated room? \4iat is the scientific 
evidence for your answers ? 

h) prevention is better than cure, Mscuss 

e) Balanced diet is essential to human health. How 
can a poor person manage to eat a balanced diet 
cn the cheep in our comtry? 

Attempt to conclude your answer with specledl 

reference to substitute foods,- 

5* Investigative type*, 

d) What is the effect of the magnetic field on ^ 
the growth of baby mice?ii^ What control experiments 
will you set HP to test your various hypotheifes if 






(T>) 33o study the immersion o£ cylindriccil can 
varying the depth of oriiice frm the free 
surface of liquid (water) and keeping tde 
area of cross-section same throughout,' 

6,1 Inciting formal and informal questions at the 
end of the lessom 

(a) is soil of Rajasthan sandy ? 

fr) ^0 animals think ? 

(c) Caa*t river flow upwards ? 

(d) idiy can't we get milk back from cuird 7 

(e) tfhat experiments did Galdic perform vrhicb. 
made him world famous 7 

(f) Under what oiroumstances was Ohm's law 
disooverdiSL 

I^et students react to any of the above 
mentioned questionsOne obtains quite a large 
number of varied answers* 3he»e are obtained 

the way the children see the question* teach^^a 

Job is to help them see the basic essentials of ti# 

problem as well as to separata them from its 

nenessential asp acts * Students oomialt all sorts of 

errorSf for axamploj arbitrary errors^ ^at iSi 

when their mastfl^py on the problem is very weak* 




Ctonsi,der ^bitaaary errors on the third questioai 

(a) This problan oaii»t be solved until and unless 

!i 

a r^al fish is in front of you» 

Vflay not use a rubber and be simple enough 7 ' 

t 

(•r) In my opinloni, it all depends upon where the " 

fi^ is* 

I 

/(^parent and real depths can change* This question 

I 

is qEUite impossible to solve*' 

(d) 1 ^ aasvrcr is 40 laches beoause 40‘|‘12«$2# 

(e) There is essentially no difference between 
real and apparent dq)ths« After all» the fish is 

where it is« It can go anywhere*’ 

(f) idhen the fish is at the bottom^ it is easier 
to celoulate but when it Is midway^ it is difficviltft 

It may slip» it swJUas you Know (6)« 

These responses need to be educated out before 

the children really begin to structure the solution 

of this problem* It is la this context that Bruner 

talked of *more than one dhaension of aeoesslbilityt 

more then one level of acaos^jlishaentt mere than one 

aspdet of aohUityt and asore tb^n n siT«nl»4egr^ 


idTsS^r 




ot concept**' in passing, it any lae 

Montlonod that t^ore is anotliar approach as woXX* 
liOt S'tudents solve the problem on tlielr ov/n at homi 
or in the library• Let th©s be free to seeic outside 
help. Let them sign a contract conewhat as followst 

I have read the assingment oarofnlly and the 
way it is to bo evaluated. For getting the 

mlniinuiii grade B, I have to answer all the starred 

questions. In order to receive a higher grade, I 

have to attempt the various renaiiaing questions 

as instructed. 

fh© grade 1 wish to contract for-«-— 

Signature 

approach goes a long way in dev^oping 

self«*oonfldence and persistence anong senior 

students(3) • 

Concluding statement 

It is a raistahen notion that there Is 
a direct rgaationship between olassroon iastruetton 
and evaluation# If analysed differentxyf 
evaluation loss provide a lot of f eedbacJt naoessaiy 
for setting all ri^t the various misoonseptions 

1 
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o£ ^tudeixt^* For oacaoiploi error eJ^iaXysis end 

co 2 ?r©apondjJeg reteadti 3,essoRa. Right throuf^out 1210 

school^ the student’s thinldLng has to pass through 

the following stages# majority of the student 

reaching the thrld and fourth stage2 

1* Do as you are told {repeat# recite* ohay) ; 

2* See and understand as you work (classify, 
phservei identify)* 

5, See the situation from a distalioe(ooiapare, 
contrast# dlsoriMlnate# describe# illustrate) 

4* Master the prold.esa at a distance* S^arate 

i 

Yourself from the situation(e«plaln# . 

i 

hypothesize, infer),' 

5,' Create and discover knowledge and sldlls, 
a stage has strong links ^/ith self 

mt 

education, a matter of pride for any educa¬ 
tional system ansmhere la the world, 

Whe teaching, ^eotrlcity, learning or 

intelllgenoei studying evaluation is also a ^ost like 

activity. An imaginative attempt Is necessary to make 

it as transparent as pcssihle so that it beocmeo 




intellectually ana emotively accefptable* we educate 
our young boys and girls in a piece-meal frame of 
refeifence, that is# we fail to educate them in a wider 
setting* no centre of learning or project ^eritaent# 
because that necessitates evaluation under different! 
conditions with new tfsstlng Instriuients which may be 
semi-objective* Advances in evaluation win tske 
place only when deep seated assumptions are questioned 
and exploded* Only then we enhance the low teaching 
as well as testing abilities of our teadxers and 
eocaminers# fo quote Lorenzo Linesenbeet 
An ideal test is a well constuncted test devised by 
the teaiflier him©elf# aimed at the goals and content 
the teacher has established* He along knows Idiat 
he has covered and what directions were taken during 
the course* ®y devising his own tests, he does not 
teacsh for the test# but he us es tests to determine 
how well he aooomplished the objectives# set for 
himself and for his students* <4) 

Lastly# the growing literature on evaluation 
needs to bt understood and assimilated with care** 




Q-them^lsOi v/e vdXl b^s ptiXled down by its voxy vrci{^t* 

^ It vriH be then our fault, if v/e act mechanically and 
unreflactively in our day'-to-day ^^rork: ^They work 
to pa 3 a, and not to know'v But the spirit of science 
taltes it ovm revenge* •They do pans, and they do not 
knoir*, said T«H* Hurley v/hile caomentlng on tic ^tuds 
habits of the undergraduates of his day* 








The Piagetian Questionnaire 

for 

The Secondary School Going Pupils 








now do you think ? (Questionnaire) 

I am Interested how people think when solving daily 
ptobleras. You already know from daily experience that 
everybody thinks differently. you are going to be asked 
to think about some interesting problems in science. You 
Kill find that each problem can be solved in two/ three/ 
or four different ways. You are allowed to think in as many 
different ways as you can. In order to make your thinking 
easier for me to understand/ you have been given some idea 

I 

of how you are to tell me what your solution would be — 
either by completing diagrams/ filling in statements/ making 
some statements and suggesting some quite different method 
etc. For this# sufficient space is provided and you can 
have more paper if you ask for it. This information about 
your thinking is very valuable to me and you should report 
almost all of it. It does not matter even if it looks 
silly. It is just possible that your approach may turn out 
to be the right one. This you can do — 

U) First read the problem as a whole. It will tell you 
wh: at you are supposed to do. 

( 2 ) As you go through the problem/ many ideas will strike 
you. Please write down your Ideas in the spaces 
provided. It is very likely that I may have missed 
some of your ways of thinking. For any different 

ones/ you should use the spare space provided. Do 
not forget to number your ideas. 

.....2 
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( 2 ) If you find that the problem is difficult then do 
not get disheartened but ,do solve any part of the 
problem you can. I am sure you can do this. 

(4) Please be neati clear# and precise in your writing. 
You are free to reduce the amount of writing on any 
problem by summarizing a lot of attempts in any way 
you like. 

Still further# every child was asked to give his 
personal post-test reactions on each of the problems by 
answering a series of ten different questions which were: 

1. Did you find this profiiblem difficult? 

2. Did this problem interest you ? 

3. Have you done a problem of this type before ? 

4. Did you try all possible methods to solve this 
problem? 

5. Did you solve a part of the problem ? 

6. Hhere were you muddled by this problem ? 

7. How did you feel when you were solving the problem? 

8. What other ideas did you try in the problem that 
did not work? 

9. Do you want to put any question on this problem that 
may help you in its solution 7 

10. Any other reaction that you want to report. 

..... 3 . 
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In th© second part of the stud// individual approach 
vaa employed/ where each subject was observed solving a 
series of nine different problems over a period of over two 
hours/ either a whole morning or a whole afternoon. Instead 
of the post—test reactions/ we took the immediate 

(pre-test) reacions to the problems on presentation by 
putting the followng six questions:- 

1. Do you understand this problem ? 

2. Do you find this problem difficult? 

3. Do you think you can solve this problem ? 

4. Have you done a problem of this type before 7 

5. Do you find any difficult words in this problem ? 

66. Do you find this problem undserstandable 7 

The meaniiings of difficult words* if asked/ were 
explained. Problems were presented one by one and in the 
same order to every pupil. On certain questions* hints and 
cues were given. These were repeated for those who asked 
for repetition. Every effort was made that these hints and 
cues did not suggest answers to the problem even indirectly. 
Hints and cues on the other hand simply helped them to start 
on the problem. Every pupil was asked ’to talk aloud* as 
he or she progressed along or worked on the various 
problems. In practice, this technique turned out to he 
quite difficult, because it interfered with their thinking. 
Consequently/ a coniproraise was sought by asking every pupil 

.. ...4 
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to explain his or: her step. This process (processes) 

leading to a particcular step in the problem was recorded 
on the problem sheets. At the end of the session, every 
pupil was given a second opportunity to reattempt any pact 
of the unslved problems. We were thus able to obtain their 
maximum performance on each of the problems under study. 

1. Ram is taller than Shyam by 2 cms. 

Ram is taller than Mohan by 6 cms. 

Ram is shorter than Sohan by 6 cms. 

If Ram's height is 200 cm, then answer the following 
questions. 

A. What is the height of Ram / 

B. What is the height of Mohan 7 

C. What is the height of Sohan ? 

D. What is the height of Shyam ? 

E. How much is Mohan shorter than Shyam ? 

2. Fill in the blanks to understand the relations of 
the given series. 


- 5 __ 

_ - 10 

10x1 =* 10 

-10 _ 

_ - 15 

10x2 « 20 

-15 _ 

_ - 20 

10x3 - 30 

-20 _ 

_ - 25 

10x4 = 40 

-? _ 

_ - 7 

10x7 « 50 

-35 _ 

_ - 7 

10x7 “ 70 

-X __ 

_ - 7 

Continuous 

7 _ 

_ - y 

10x7 » 100 



10x7 - X 



XOx? * y 


SCO 
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It has no 


- 5 - 

There is a spring balance with you. 
markings on it- One day your mother asked you to get 15 
grams of sugar. She VfJanted to test your ingenuity. For 
solving this problem/ she gakve yoiijseveral beakers/ each 
weighing 5 gms. Moreover# she also gave a scale/ a pencil# 
thread and 3 weights of 1 gm# 2 gms# and 3 gms. You can tell 
me what else you need. That will be given. You have 
to|weigh 15 gms of sugar in one attempt only. How will 
yoi^olve this problem for your mother. 

Before you begin solving this problem# please answer 
the following questions: 

A. Have you done a problem of this type ? Yes/No. 

B. Do you understand this problem ? Yes/A bit/No 

C. Do you find this problem difficult ? Yes/A bit/No» 

D. Can you solve this problem ? Yes/A bit/No. 

E. Do you find any difficult word in this problem ? 


Yes/No. 

If yes write down that word. 



'Dkak*.ce- 
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We have three rectanQulazr glass cubes/ each measuring 
3 cm in length# 2 era In width and 1 cm in thickness. They 
vere put one by one in a large measuring jar. Before 
iBimeraing them the level of water in the jar stood at 40 
cm. Now answer the following questions: 

A. What was the level of water before immesing the three 
rectangular cubes ? 

B. What is the length of the rectangular cube ? 

C. What is the width of the rectangular cube ? 

D. What is the thickness of the rectangular cube 7 

E. What is the volume of the rectangular cube? 

It is given to you that a rectangular cube/block 
of 1 cm lengh# 1 cm width and 1 cm thickness raises the 
level of water in the cylinder by 1 c.c. ? 

! 

F. What will be the level of water in the cylinder on 
immera'^ing all the 3 rectangular cubes ? 

( Hint: Actual cubes can be shown) 

5. There is a rectangle which is 25 cm long and 15 cm 

wide. A man goes four times around it at the rate of 4 ems 
per second. Now answer the following questions: 

Draw a diagram and show the distances on it 7 


7 


srei. 
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What is the total distance covered when the man goes 
once round the rectangle? 

How much time does he take in covering a distance 
of 4 eras? 

How much time does he take for going once around the 
rectangle ? 

Suppose he rests for a second at the end of each 
round# how much time does he take for completing just 
4 rounds ? 


(Hint: Help the pupil in drawing the diagram. Let him also 

mention the distances) 

6, A letter 'K' is given in two different sizes - one 

small and the other larje. It la given that the lengths 
of the arma of the small letter and the large letter are 
in the ratio of 2:3. On the basis of this Information, 
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Pi> If length of the arm BE is 4 cms/ what will be the 

length of the arm QT 7 

B. If the length of the arm EF is 8 cms# what will be 

the length of the arm TO ? 

C. If the length of the arm AB is 16 cms* what will 

be the length of the arm PQ ? 

D. If the length of the arm BC is 10 cms, what will be 

the length of the arm QR ? 

E. If the length of the arm DE is 9 cma, what will be 

the length of the arm ST 7 

(Hint: Those pupils who are not able to solve the problemr 

ask each of them to determine the ratio of the various arms 
of the letter 'K' (enlarged and small). The problem may 
be then handled experimentallyr later on ) 

7. Ten persons from a village went to a hotel £ci an 

evening meal. They ate 4 chapatia per head at the rate of 

10 paise per chapati; 10 plates of vegetables at the rate 
of 50 paise per plate; one cup of ice cream each costing 

a rupee per cup. After meals each one of them drar^ a cup 
of coffee costing 50 paise each. At the end of their mealS/ 
they gave two ten rupees notes to the manager of the hotel. 
New answer the following questions: 

A* How much in all did they spend on chapatia 7 
B. How much in all did they spend on vegetable plates? 


S'C‘1 
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0 , How much in all did they spend on ice-creams ? 


Q, How much in all did they spend on coffee ? 


E. How much did they spend per head ? 


F. How much did they spend in all ? 


G. How much additional money was demanded by the hotel 
manager ? 


8 , Have a look at the diagram given below, count the 

maximum number of rectangles that you can make? 



10 
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g. There are 4 beakers on the table. They are labelled 
A, Bi C & D as shown in the diagram below. A small distance 
away there is another beaker Z. Ram did an experiment, 

he took parts of contents from beaker A, h, C* D and put 
them in another empty beaker K. After this/ he took some 

liquid from beaker Z and put it in the beaker K. An 

interesting thing happened. The entip liquid in the beaker 
K turned yellow. After some time his friend Mohan came and 
enquired Ram about the formation of yellow colour. While 
answering this question Ram forgot how he had done. Now 
Ram carried out several experiments to obtain yellow colour 
in beaker Z but failed. Your problem is to write down all 
the possible methods by which yellow colour may be obtained 
in beaker Z. Please remember that you are to write down 
all the possible methods. Before you begin solving this 

problem; please answer the following questions: 








K 


11 . 


JTCt 
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A. Have you done a probleir ;o£ this type before 7 
Yea/No. 

B. Do you understand this problem ? Yes/A bit/No, 

C. Do you find this problem difficult 7 Yes/A blt/No. 

D. Can you solve this problem ? Yes/A bit/No. 

E. Do you find any difficult word in this problem? 
Yes/No. 

for example - 


Ram took 

some liquid from 

beaker 'A' 

and 

put 

it in 

beaker 'K' 

. Then he took 

soma 

liquid 

from 

beaker *2' 

and put it 

in beaker,' 'K'. 

He 

did not 

get 

the 

yellow 

colour. 








Now write down all possible combinations he must 
use to get the yellow colour* You can write the first 
method as shown below. 


(1) AZK 

(2) 

(3) 


(4) 

(5) 

(6) 


(7) 

(a) 

(9) 


(10) 

(11) 

(12) 


Hint; If the student fails to understand the problem* 
ask him to make as many combinations as possible by usng 
3 digits such as 6, It 8# or 6* 8i 9 and 4 digits 6f 


7/ 8 and 9. 


,.. .12 
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10. A farmer had some magic seeds. He did not know 
how to grow them into healthy plants. The only thing 
he know was that their growth depended upon the 
following factors: 

1. Water 

2. Fertilizer 

3. SunligM: 

Hla problem was to know the right amount of each of the 
three factors mentioned abover to be present to make 
the seeds grow into healthy plants. So* he considered 
giving the above factors at three levels (amounts) was 
follows: 


Factors 



He then bought several earthen pots with soil in them 
and sowed a seed in each of them and designed several 
experiments to find solution to hia problem. Consider 
his first experiments. 

He sowed a seed in the first pot. He put a lot (high 
amount) of fertilizer in it* he also gave plenty (high 
amount) of water and kept the pot in direct (High) 

sunlight * 

Your job is .to plan as many experiments as you 

«..•*13 






can possibly think of« Please see that no factor or 
percent of the factor is missed by you. 

In the table given belowi the first experiment 
is done (entered ) for you. Now continue’ tto write 
the other possible experiments. 


Pot No. 

Exp. No. 

Hater 


IBB 

1 

1. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

High 

High 

High 



Please continue 
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11. 

There is 

given a board 

having nine 

squares 

upon 

it. 

The top 

three squares 

(A,B/C) were 

painted 

blue 1 

the 

middle three squares ( 

D#E#F) were 

painted 

white 

and 

the bottom 

three squares 

(GyHiI) were 

painted 

rod. 

Mhen 

they were 

painted the second time it 

.':o happened 

that 

the left 

three squares 

.A,D/G) got 

painted 

red , 


the middle three squares got painted blue and 

right three squares (CiPfl) got painted while. Thus 
the different colours got mixed up and changed jin the 
various squares as follows: 


1. The square which was painted blue and red or vice- 
versa looked grey in colour. 


2. The 

square 

which 

was 

painted 

blue 

and 

while 

or 

vice-versa 

looked 

light 

blue 

in colour 





3. The 

square 

which 

was 

painted 

red 

and 

white 

or 

vice-versa 

looked 

pink in colour. 





lou 

please 

write 

down 

the name of 

the 

colour 

in 

each square of 

which 

it 

looked like 

after 

the 

two 


paints: 



B 

c 


e 

F 


H 

1 


aryo 
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1 . Colour of square A, 

2. Colour of square B. 

3. Colour of square C. 

4. Colour of square D. 

5. Colour of square E. 

6. Colour of square F. 

7 . Colour of square G. 

8. Colour of square H, 

9. Colour of square 1. 

12. I am showing you an experiment. I have also drawn 
the diagram for you. Please have a close look at the 
diagram. You see some pebbles fixed to the iron rod with 
the help of wax. Nowi if we heat the rod at the point 'A* 
what is likely to happen 7 Surely> the pebbles are bound 
to fall on melting of wax. Your problem is to state as 
many factors as possible which make the pebbles fall. VlQu 
are free to change the experiment set up as you like. 
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factors: 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 

13 . A simple pendulum is shown in the figure below. The 
bob of the pendulum oscillates on both sieves of the centre. 
The movement of the bob from thed centre to the left end 
back of the centre/ then to the right end and back to the 
centre is called an oscillation. Time taken in one 
oscillation depends upon: 

(i) length of the string 

(ii) Volume of bob 

(iii) weight of bob 

Suggest experiments which isolate these factors. 
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Experiment No.l 

Experiment No. 2 

Experiment No. 3 

Experiment No. 4 

Experiment No. 5 

Hint; Show them three ball having same volume but 
different weights. Also show three balls having different 
volumes but same weights. 
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14. 



t-Ko taraet sphere depends on 
The moving of the target 

following factors: 

1. The weight of the target sphere, 

2. The nature of the surface of the groove. 

suggest .xpuriments to test th. above factors. 

1. The weight of the target sphere. 

2. The nature of the surface of the groove. 


the 
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^5 A gardner gave a bunch of flowers of different types 
to his son and asked him to classify the flowers into 
different groups. The boy put the|rosea in one group, 
chammeli in the other and so on. Then the gardner asked 
him to further classify the rosea into different 
categories. The boy put the red roses in one category and 
while roses in the other and so on. Now you go through 
the task given ahead and try to perform as demanded. 
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There are given some geometrical figures on the 
previous page* Each figure has been assigned a number jfir 
its identification. Classify these figures into three main 
categories in such a way that similar figures come under 
one category. You are to write only the numbers of the 
figures under the category Ii II and III to which they 

belongs• 




1 

c^h^<rr^ 'liX 



] 

i 

! 

1 

1 

1 

i 

1 

! 

i 

j 

( 

m * Wi'22 

! 


r'l’i 
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Now further sub-classi£y each category into three sub¬ 
categories in such a way that similar figures of each 
category come under the three sub-categories of the same* 




jr 

Cc^l-e^dyy liL 1 


sr^ 


- 


j edited 

C 

A 

& 

a 

A 

& 

c 

A ~ 

- - 

6 






_ 1 



1 


16. Three rods of equal length and shape* are given to 
you. One of them is of sugar# second is , iron and third 
is of wood. After painting all the three rods look 

similar. 
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Now your problem is how can you identify them. List 
down all possible ways you can think of. 

1 . 

2 . 

3 . 

4 . 

17. There is a rectangular fish tank made up of thin 
glass. It is 52 cm deep. It is full of water and a fish 
is swimming in it. A boy looks down and the fish appears 
from the above surface and the fish appears to swim 24 cm 
below it. It is its apparent depth* His friend put his 
head under the tank at the same time and the fish appeared 
him to swim 12 cm away from the bottom. It is also its 
apparent depth. It is also given that the ratio between 
the real depth and apparent depth is 4:3, To put it in 

other words# it means that if the fish is really 4 cm away 
from the bottom it will appear 4 cm away from the bottom 

it will appear to be only 3 cm away from top or bottom. 

Your problem is to* find >the thickness of the fish- You 

can ignore the thickness of the glass in your calculations. 
Before you begin solving the problem# answer the following 
questions. 


r7f 


« • e 
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1 ^, Have you done a problem of thia type before ? 
yes/No 

B. Do you understand this problem ? 

Yes/a bit/No 

C. Do you find this problem difficult ? 

Yes/a bit/No. 

D. Can you solve thia problem ? 

Yes/No 

E. Do you find any difficult word in this problem ? 

Yea/No 

First Method 

1. After reading draw a diagram 

2. What is the real depth of the tank^ 

3. What is the, apparent depth of the fish as seen from 
the top 7 

4. What is the real depth of the fish when seen from the 
top 7 

5. What is the apparent depth of the fish when seen from 
the bottom 7 

6. Mhat IB the teal depth ot the fleh when Been from the 
bottom 7 

7. What la the combined teal depth o£ the tlah when Been 
from above as well as from below 7 

8. What is the real depth of the tank 7 

9. What is the thickness of the fish now 7 

• * e «• 
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Second Msthod 

What is the real depth of the tank 7 

2 . What is the apparent depth of the tank ? 

3 . What is the apparent depth of the iah when seen 
above 7 

4 . What is the apparent depth of the fish when seen 
below ? 

5. What is the combined apparent depth(3) of the 
when seen from above as well as below 7 

6. What is the apparent depth of the tank 7 

7. What is the apparent thickness of the fish 7 

6. What is the real thickness of the fish 7 

9. State your method of attack. 

Hint! Draw a diagram so that pupil could start thinking 

4 Eye- 



from 


from 


fish 


• .. * 26 
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For' those who attempt this problem successfully ask 
each of them what data was required for determining the 
length of the fish. Again draw a diagram. 



■fL0 \h 


16. The photograph belov illustratea caeea when certain 
acts of oarda are picked and then ahown. Four of aueh 
ahowa ate recorded in a table, arranged at the aide of the 
photograph. The chancea in each ahow for picking carda 
narked with Jockera in both right hand and left hand aet 
are found, by adding the nunber of theae carda narked with 
iockera in the carda ahown. kou are to writ, the anaw.r 
or aay the quotient in the blank apacea provided in the 

table. 
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niiestions! 

A. Arising from the calculations in the tablei the 
chances of picking cards with Jocker in; 

( (a) The first Showia _ 

(b) The second show is _ 

(c) The third show is _ 

(d) The fourth show is _ 

B. Is it in (a) or (b) or (c) or (d) that the chance 
is the greatest ? 

C. What is the numerical value . of this greatest chance 
found in qufstion No, 2? 

D. Arrange the chances o£ picking ceras marked with 
dockers (obtained In Q. No. (1) In increasing or 
decreasing order. 

E. State a rule by which you can tell where chances of 
picking cards marked with Jockers/ lie 7 

19. TWO cylinders A and B of equal sire and volume are 
on a table. Both are filled with water at a eltnllar 

level. 


» • « • 
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What: have two balls of Iron and glass. Iron ball 
is heavier than glass but same in size and volume as 
glass ball. Both sink in water. When we keep the icon 
ball in cylinder h, the change in water level is shown 
in the figure. If we keep glass ball in cylinder 'B* 
then tell - 



A. The water level in cylinder *B' will be 
raore/less/remain same. 

.. 31 . 
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B What will be the water level in cylinder 'B' ? 
C, Explain your answer - 


20. Read the questions below and answer them carefully? 


A. 


^i__ 3 ^ ^tfinc© of 100 ft with 

A blind man can see upto a distance 

one eye. How far can he see with two eyes ? 


B. 


It takes two minutes for a 
in the SUV1 How much time 
handkerchiefs to dry up when 


handkerchief to dry up 
will it take for 20 
placed in the sun at 


the same time? 


C. There are eight birds sitting on s trse 
came thereby and shot dsad t«o of them 
birds are now left on the tree? 


ti Hunter 
HOW many 


D. 


It takes 10 minutes for a boy to 
HOW much time it take for ten boys 
the school at the same time 7 


reach his school, 
if they start for 
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A man cirosaes a s’tiream in a boat in 10 minutes • 
HOW much time will it take for five men to cross 
the same stream in the same both 7 


Bam has four friends. They are Shyam# Mohan and 
Jahaj, Find the name of fourth friend. 


A st-^ick is of 10 cm length. It is cut by a 
cm/mihute. In how much time will it be cut into 
1 cm pieces? 


A boy uas inside a dark room. There was a heap 
of red and yellow socks inside it. How many 
minimum number of socks should he pick up with 
a view to get a pair of the same colour ? 


Suppose a donkey has two horns. How many horns 
in all do eight donkeys have ? 


Suppose there are some ducks swimming in a single 
line under a bridge. Two are in front. 2 in 
middle and 2 at the rear. How many ducks era 
there in all 7 


.... 33 
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A COW is Standing besides a tree. A cord oC 50 
cm. is tied around her neck. Tell how far can 
she go for eating the grass ? 


L. 


n. 


♦■ho driver of a bus. "^ou have 
Suppose you are th 

50 passengers in it. At one place 15 passengers 
board the bus and 15 get down from the bus. At 
the other place again 5 board the bus and 5 get 
down from it. Please tell_ 

=11 are there in the 

(a) How many passengers i 

bus ^ 


(B) V.hat is the name of the driver 1 


i handkerchief has four corners. Shyam 
Cf them by scissor. How many corners are Is 

now ? 


n. 1 have marked down 5 dots below. Have a careful 

ns. in any manner you like 

. nrsw four lines in oi*i 

look at them. Draw 

►h«t these lines touch all the 
in such a way that 

Tn case you find that you have draw 
least once. In ca y 

than four lines, then attempt again, 

times as you lllte. 

,,..34 
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22. we have planned an electric circuit (An 

alternative problem) in which the children were expected 
to discover not only «e arrangement ol switches but also 
their type (one way or two way switch) by switching 

on or off lights. The following Instruction, for this 
type of problem on a working sheet .'.urned .out to be 
quite difficult. Consequently. this problem 

develop a parallel circuit from the first two simple 

d lamac.*- MoreoveCf the two oimple 
circuits on the working sheet. Moreove 

•■ha black board and one-way add 

circuits were drawn on 

two-way keys were circulated lor individual observation. 

The above mentioned electric circuits were drawn 
a follows: 


•»* • 3.5 
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You can us® 
(completes) or 


this key anywhere, 
breaks the circuits. 


The key only makes 



, Key because you can saHe ;,or break the 

this IS a two-w y „„ 

circuit or yoiifcan light o 
different ways. 

rue switch anywhere you like and in 
YOU are free to use the swltcn 



• * * 
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out main Interest was not in the specitic 
Blutlon oJ the problem but in its eseentisl grasp, 
consider now the problem and the way it was presented. 

you ate given a battery, one bulb, some one-way 
nnd two-way switches and some connecting wires. Hod' 
problem is to find a circuit enabling you to switch on 
and switch off from different places in a room. Complete 
as many of these diagrams as you find necessary to the 
needed circuit and when you finish, wrie down a statemen 

telling me how it works. 

23 Study carefully the three blocks, h, B and 

nr^nged as shown in the photograph below and 
the question that follow. It is known that bloc 
heavy, block E is heavier while block h is heaviest. 





,1 * • * e 38 * 
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puestions:- 

ft. Block C is lighter than block B 7 Yea/No 

B. Block C is lighter than block A 7 Yes/No. 

C. Block A is heavier than block B and C put 

together 7 Yea/No/depends. 

D. Block can be arranged according to their weights# 
starting from light than lighter and finally the 
lightest 7 Yes/No. 

E. Using the letters: A# B and C which# 

respectively# represent the blocks# arrange an 
order say of heaviest# to heavy or lightest to 
light. 

24. There are four groups of playing cards in the 

figure given below. In the first group there are 8 cards 
with a single Jocker. Second group has 20 cards includng 
2 Jockers. Third group has 36 cards ^ including three 
Jockers and remaining fourth group has 56 cards 

including four Jockers. 


l-ToKe-ir 0-!ToltC.r5 3 3*01^^^^ 






In which group there is more printing of picking 
Jocker cards ? 


Explain your answer. 


If we keep together groups one and four and 
groups second and third# then were is the chance 
of picking Jocker cards ? 
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25 . A student was interested in finding out how 
insects responded to light and moisture. He took four 
boxes made up of glass. In the box he fixed up a bulb 
for lightening arrangemnt and kept a wet piece of paper 
for moisture. In the centre of each box he kept 3.9 
insects. After one day the insects dispersed in the 
four boxes in different manners. See the following 


diagrams:- 


3- 






Answer the following questions:- 

(1) What conclusions can you draw from box 1 and 3 

(2) What conclusions can you draw from box 2 and 4 


• • • 
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.26. Thia ia a game using cards like these (All single 
cards A# B/ C and D are shown so that a child can see 
all possible luair colour combinations). It is quite easy 
but there are lots of instructions tomake sure you 
understand it. So listen carefully. 

Each card shows a boy and a girl together. We 
are only interested in their hair colour. So I want 
you to look particularly at their hair colour. The boy 
may have red hair or yellow hair and the girl may have 
red hair or yellow hair. 

I am going to show you different set of cards. 
Each time you should look at the boys and see which girl 
theychoose on the cards in front of them. You know that 
boys can have red or yellow hair and that their girls 
can have red or yellow hair. Remember it is just a 
game. Nothing to do with hair colour in real life. 

Each time I show you some cards 1 shall ask you 
to look at them and tell me about the boys with yellow 
hair and boys with red hair# although sometimes you may 
only be able to see boys with one hair colour. 

For each set of cards your task will be to tell 
me the general rule about boys choosing girls. 
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1. Abstraction 


It is used in contexts like - physical/ formal reflecting and 
constructive. In a way/ it is on the extreme side of the 
term: concrete. Here the presence of the very object is not 
essential. So it is a mental activity which is further 
subjected to the laws of logic. Physical abstraction leads 
to the development of objective knowledge/ formal or 
reflective type of abstraction is necessary for the growth 
of intelligence. 

2, Action 

It has a variety of context/ say/ as vast as behaviour. It 
is a sort of functional exchange between the organism and the 
environment. All this presumes internal structure as well 
as structuring and restructuring of the environment. 


3. Adaptation . 


Organization; and accommodation as well 


as assimilation. 

There is constant interaction between the organism and its 
environment. It has two aspects: namely/ organization and 
assimilation and accommodation. At any moment/ i is a sort 
of balanced state of biological organization within Its 
environmental context. So, during the adaptation process/ 
the organism goes on taking equilibration from a lower level 
to a higher level. Whereas the general organization remains 
more or less the same/ assimilation and accommodation work 
simultaneouslyand are difficult to separate. The two work 
in opposite directions. The organism encounters difficult 
or odd situations. So it learns to accommodate them. 
Accommodation/ therefore/ applies a general structure to a 
particular situation which is different every time. So 
accommodation always contains an element of novelty. 
Restrlctedly speaking/ it leads to the *\fferentlation .of s 
previous structure and/ later on/ to the emergence of a new 


structure. 




Assimilation# on the other hand# leads to the incorporation 
of operative action. The data from the environment are taken 
not in a mechanical manner but as a function of the internal 
structure. 

knowledge is false in the absence of assimilation. So a child 
lUst learn to assimilate as well as to accommodate. In short# 
issimilatlon implies to conserve as well as to identify. it 
s a process of intergrating new percentual stimuli into 
lehavloural pattern (or scheme). 

i. Advance organizers 

'hese have been defined by David Ausubvel as "superordinate 
.ntroductory material at a higher level of obstraction# 
lenerality and incluaiveness than the learning passage itself. 
Chey facilitate learning and retention from oral# written and 
/isual materials through ideeational scaffolding. They thus 
30 a long way in matching the incoming information and the 
nental development of children. At the same time# they should 
not be expected to be equally effective under all 

instructional conditions and outcomes. 

5. Affectivity 

It is the aspect of behaviour which covers terms like 

interest# motivation# energy# dynamics# sentiments# feelings# 
attitude and even maturation. it is inseparably associated 
with structural aspects of knowing. 

6 . Algorism (algorithm) 

It is a way of solving problems(method of calculating) 
according to fixed rules. Here a class of problems is tackled 
together. 

7. Animism 

A child believes that everything in nature is endowed with 
consciousness# life and even purpose. 
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8. Artificialiam 

It is a belief held by children that man directs human 

phenomena. Sepcifically speaking/ it is men who crated the 
sun/ the moon/ rivers/ mountains etc. 

9/ Behavioural learning. 

It refers to our social relationships which may develop 

without any kind of thinking. Science is pure activity with 
a single goal. In behaviour learning/ one has to learn about 
the situation as well as seek success or reward. It is 
understood that these two goals too complete. It also informs 
us about how to process while approaching/ say, thinking 

tasks. 

10. Centration and decentration 

It is the tendency to focus only one aSipect of the physical 

situation. It gives a deformed view of objectivity, 

Decentration just reverses the situation. Two equal sticks 
remain equal in whatever way they are placed; side by side 
and even at right angle to each other. 

11. Classification 

It is a process or operation for classifying groups on certain 
criteria/ for example/ colour/ side and weight etc. 

12. Clinical method (Methode clinique or method of critical 

exploration) , 

It is a semi-scientific method developed by Piaget for 

exploring child thought. It does need specialized training, 

' Under certain conditions, it can be used as a teaching 

■ technique too for achieving conceputal change. 

13. Closure 

Given a set A and operation 0. By closure properly, we mean 
that combination of anytwo or more elements of the set A 
belong to the same set A. 


(tit 
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14* Cognition (Cognitive process and cognitive development 
competence) 

It covers the activities of the mind such as thinking ^ 
knowing! remembering! perceiving! recognizing! generalizing! 
memorizing/ abstracting and imagining. Cognitive development 
refers to age related changes in cognition which occur 
throughout life. Cognitive competence means not only being 
sensitive to such type of situations/ but handling all such 
iew situations effectively and innovatively. 

L5, Combinatorial system 

[t is a structured whole of all possibilities (combinations} 
}£ objects/ digits (figures)/ ideas and propositions. The 

jell known problem here is that of colourless chemical 

Liquids. 

16. Concept (categoric and infantile), also functions of; 

It is the meaning of a term which is rarely understood or 

grasped gradually/ say/ in the jcase constructs. In a 

psychological sense/ it can be talked of as the individual’s 
internal structure (scheme). It is nothing but a scheme of 

action or operation. Infantile concepts lack synthesis. They 
are the product of juxtaposition. It jgives rise jto 

syncretism; a sort of subjective unity to the various elements 
jo£ the situation still in disarray. 

The main functions of concepts are: 

(i'l) They simplify/ classify and Interrelate various 
experiences/ events and processes. They/ thus/ become 
objective in character and further our knowledge. 
Incidentally/ they also save us from cognitive load. 

(ii) They interconnect themselves and constitute a hierarchy, 
(lii) They are predictable/ verifiable and usable statements. 

(iv) They are economical in the sense that they save us jfrom 
repeated learnings. If forgotten/ they can be reactivated 
easily. 






I 17. Concrete operations. 

These appear during the third stage of Intellecual development 
as propounded by Piaget. These apply only to real objects 
and physical siuations. Their chief distinguishing 

characteristic is that of reversibility. 

18. Conflict ( Conflict equilibration) 

It is a situation where the individual is not in a position 
to decide clearly. So there is an imbalance in cognitive 
structure which cannot last long. Hence/ further development 
takes place. It is the inherent property of the organism 
to seek equilibration or balance. And this process goes on# 
for it is in the nature of organism to master the external 
environment sooner or later. 

19. Conservation 

It is a very powerful concept in Piagetian thought. In fact/ 
the whole of our rational knowledge is based on it. It is 
a sort of realization that theamount of object remains the 
same/ regardless of its shape/ length/ direction and position, 
the conservation of weigh’ # area/ length and physical 
quantities (continuous and discrete). One of its chief 
distinguishing features is reverslbilityin thought. 
Conservation is constructed rather than given. 

20. Construction and reflection 

It is the genetdic process which is both constructive and 
reflective. Both enricch each other. Construction gives us 
new combination. Constructivism goes on transcending the 
already constituted systems in an open manner. 

21. Control of variables 

It underlies controlled experimentation. Her©/ one studies 
the influence of one variable on an other variable by holding 
the remaining variables constant. The experiment of simple 
pendulum problem is a case in point. 




22. Co-ordination 

It is in a way, the functional adaptation. it is a sort of 
iini£yin9 form when more than few actions are involved. It 
implies an action on internal structure. 

23. Co-relation 

It tells us the extent of relationship or association between 
any two variables. There are many types of correlation 
coefficients, for example, product moment biserial and 
Spearman Brown. 

24. Decalage (horizontal, vertical) 

It is a term (or phenomenon) which means inability of the 
child to solve another problem of the same nature at the same 
level of mental development which he had solved earlier. The 
underlying scheme of thought or the mental structure in both 
ases is more or less the same. It is called ".he horizontal 

decalage, For example, all problems relating to the scheme 
of conservation, say, that of mass, at the same level of 
mental development can't be solved. Hee, varied achieveent 
at the same level of mental development on the conservation 
of mass across other situations is Involved. 

In the case of vertical decalage, there is a shift ir the 

passage of one plane of activity to another. In the ^case 

oi vertical decalage, it is not possible for the child to 
solve a problem, say, that of con'servation of angular momentum 
or volume- or weight when he has so far mastered conservation 
of mass. 

25. Deduction 

It arises out of construction(s) formed at the interior of 
achieved groupings or groups. 

26. Displacement 

It is a, change of placement for the child in the first 

instance, say, that of order. It is also a change of position. 
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Jl. Spiatemological V 

It is attributed to Profesaor D. Bob Gowin who invented this 
heufistic device for illustrating the interplay of key 
jleraenta in laboratory work. It is graphically shown below: 


Conceputal 


Questions/ Methodological 

problems 


Philosophy 
Theories 
Principles & 
conceputal systems 

Concepts; regularities 
In events or objects 


Clilms; Value & 

knowledge 

Transformations 

Records 


Events 

objects 

When slightly modified in description/ it can be used for 
teaching purposes too. 

32 . Equilibration (equillibrium) 

It is a central concept in Piagetlan view. It is a functional 
pocess different from structure. It is a regulatory factory/ 
operating intenally in the biological organization. It is 
manifested in all life. It not only unifies evolution and 
development but also/ at any moment/ balances continuously 
the various operations of the system when faced with a new 
situation. It is in the nature of equillibrium to attain its 
balance and that too at a higher level. It thus provides a. 
* constat frame of reference to understand both the static and' 
dynamic situations. It is the place of specific junction 
between the possible and the real. Equillibrium and 

structure are the two complementary aspects of any 
organisation of thought. In a way/ it is the organizing 
factor underlying all biological and intellectual development. 
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33. Error 

These arise due to centration on a single item regardless of 
its relations with other items. These are the cases absolute 
as well as relative over estimations in perception. 
Measurement can help since it verifies the learning situation. 
Then errors arise out of illusions. Error also appears when 
right rule or principle is applied wrongly, say in 
mathematics. It is then a case of xecutlve error. It is a 
case of arbitrary error when either any answer is given or 
the rule is applied thoughtlessly in solving questions. 

34. Error (Elementary) 

These arise in perception due to over-estimation. 

35. Experience 

It is the sum total of one's interaction with the objects and 
persona in the environment, 

36. gormal operations 

These appear during the fourth stage of intellectual 
development as propounded by Piaget. Here reality is 
subjected to possibility. It is because of formal operations 
that children are in a position to react to absent situations, 
that is, situations which are no longer physically present 
before their very eyes. 

37. Gestalt 

It applies to the totality of the situation. It is rather 
imposed than applied and is not capable of being generalized 
It is Hess mobile than scheme of thought. 

38. Group and Groupsid 

Let G be any non-empty set consisting of elements a# b, c.... 
By the binary operation 0 on G, we mean the function O t G 
X G G such that 0 (a,b) aob, where (G x G (a,b) where 
a and b are the elements in G), 


CIO 
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Groupaid; A non-empty set G with the binary operation! say, 
0 is called groupaid. 

Group; A groupaid G wih the binary operation O is called group 
if and only if it satisfies the following postulates: 

(i) Associativity; For the elements a, b, c in G, a o ( b 
oc) = (aob)oc, 

il) Identity; If there exists an element, say, a in G such 
that Goa = aoe fr every element, then we say that e is the 
identity element or neutral element of G. 

iii) Inverse; If for every element a in G there exists an 
element a^ such that a^ o a = a o a^= r. Then we say that a^ 
is the Inverse lof a. Group G with the binar operation 0 is 

called commutative if and only if for every a, b in G, aob 
= boa, 

39* Hypothetic - deductive thinlcinq. 

Here, thinking is tested in a very broad frame-work. 
Propositions are tested net only for their theoretical 
relevance but also the kind deductions which can be drawn and 
tested experimentally. It is here that reality is superseded 
by possibility. Theoretical research, say, in physics is a 
case in point. 

40. Identity 

It is a state of being a thing or operation itself. 

41. Image 

It is the intenal representation of an external object. It 
is one of the products of symbolic functions. 

42. Imitation 

It is an act by which the model is reproduced. It is the 
figurative correspondence of motor—activity to an external 
event. It has the following stages; sensory motoc# deferred 
imitation (gesture) and internalized imitation (image). 


ill 




43. Infancy 

A tarm having a Latin origin 'infantia'. It means inability 
to talk. So it covers a period of two years from birth, 

44. Innate 

It is something not acquired but is present since birth. 
Innate behaviour patterns are called instincts. It is also 
necessary to distinguish between acquired learning rmd 

evolutionary learning which takes place with the passage vof 
time. 


45. Intelligence 

This term is about 2000 years old. It was coined by Cicero. 
Piaget equated its usage with knowledge. It has two aspectsf 
namely^ biological and logical. It is an adaptation to new 
situation and that too without limits. Essentially speaking, 
it' is an organisation whose function is bo structure the 
universe. Lastly^ it is also pictured as progressive 
reversibility of mobile structures constructed by It. 

46. Interiorization 

It is more or less synonymous with internalization. BerSi 

lasting sort of dissociation takes place between the 

functional adaptation (general form of coordination) and the 
external action« say in imitation and language. In shortr 
it leads from practical to operational intelligence# a pre¬ 

condition for the development of symbolic representation and 
objective knowledge, 

4J. Intuitive thought 

It is a ;type of thinking in which a child seeraa to wake 

judgements without any basis. This thinking is characterized 
by a fusion of ideas and statements. 

48. I nversion 

It is a type of reversibility in which one operation is 
negated by an opposite operation. 
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49. Knowledge (Figurative and operative) 

Figurative knowledge focusees on the external aspect of an 
environment in a static manner. It is distinct from operative 
knowledge but cannot be conceived without it. Operative 
knowledge Is the action-baaed aspect of intelligence. 

50. Language 

Action is the basis of language (Piaget). In a way, it is the 
"natural> spoken and heard symbol system" of communication 
prevalent in a society. Restrictedly speakingr its 

manifestation is acquired and thereby influences intelligence 
indirectly within the social educative influences of the 
society. 

51. Learning 

It is a change in behaviour. It is also defined as active 
search for the acquisition of knowledge. Here/ there is a 
prior interior structure of equilibration which provides 
capacity to learn as well as the structuring of the learning 
process. In fact« it includes both. 

52. Logic 

It enables us to structure our spontaneous thought firmly. 
It is characterized by logical necessity/judgement and 
consistency etc. Sometime« it leads to absurd conclusions. 

53. Logical Operations 

(i) Conjunction: Conjunction of any two propositions 
(statements) A & B is denoted as A B which la true if both 
are true and false> if any one of A & B la false or both are 
false. It combines the statements having the meaning of the 
word 'AMD'. 

(ii) Disjunction: Disjunction of two propositions 

(statements) A & B is denoted by A V B which is true if . 
one of them is true and false if both A and B are false. V 
combines the proposition having the meaning of the word 'OR*. 
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(ili) Negation : Negatimi of a statement or proposition has 
opposite meaning. It is denoted by . If A is true when 
A is false and vice versa. Moreover ( A) ° A, 

(iv) Implication; If from a given statement A or B 
proposition we are led to another statement or proposition/ 
we say A implies B or A B. 

(v) Equivalence: Given two propositions A and B/ if A B 

and B A f we say A is equivalent to B. This equivalence 
is denoted by A B. 

54. Logico-mathematical structure 

It is a generalized system of operation/transformation which 
is characteristic of operational thinking. 

55. Logical poaitlviam 

It is a philosophical view which holds that logic and abstract 
Intelligence largely depend upon correct formalization and 
use of language. It is also seen as a modif icaNtion 
empiricism. It says that language Is the source of logical 
intelligence. 

56. Maturation 

It refers to biological changes with age within the context 
of behaviour development/ for example/ puberty. It is an inns 
process of growth which is little affected by training. Genes 
have much to do with it. In fact it results from the growth 
of the nervous system which enables the individual to handle 
learning/ physical activity and even readiness to do« a 
particular kind of act. 

57. Memory 

Restrictedly speaking/ even active knowledge which may refer 
to a particulr past evocation of image and recognition does 
not imply memory. In a wider sense/ memory is the 

availability of any knowledge which merely expresses the fact 
that the conservation of a scheme is Identical with the 

functioning of the scheme. 
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5fl. Motivation 

Ulthin the context of developing knowledge it comes naturally 
to children* So/ there Is no Independent role assigned to 
It in cognitive achematlsm. 

59* Monologue 

It is the tendency to carry on conversation with oneelf 
regardless of what others are saying. The social functions 
of words are conspicuous by their absence. 

50. Negation 

[t is a type of reversibility in which one operation is 
:ancelled out by the opposite operation, 

il. Metacognition 

t is cognition at a distance. It refers to the awareness Of 
ognitlve process while working a task. He also uses thiis 
wareness to control himself too in that situation. 

i2m Number 

t is a fusion of seriation and classification. The 

ionservation of number means that the number of objects 
‘Omalns the same in whichever over they are counted. 

63. Necessity 

It is the relation between the even# a statement and Its 
t^asis. The question to be answered is: What must be ? 

64. Object (Permanent) 

It is polyaenaory complex which continues to exist outside 

the perceputal field. It is the invariant of group of 
displacements. The formation of the object is not a single 
shot affair. It is, on the other hand> gradually constructed 
ds a result of accommodation and assimilation when the 

organism interacts with its surrounding environment* Object 

formation stands at the threshold of operational intelligence. 


< 1 ^ 
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65 > Operation 

It is a mental act which involves classifying/ seriating/ 
combining/ multiplying etc. It is applied to objects and even 
replaces objects by signs and movements. Some of its 
distinguishing properties are: 

a) It is an action which is internalizable. 

b) It is reversible and mobile. 

c) it can negate its own activity. 

d) It does not operate in isolation. 

e) It is on the other hand# linked to other operations which 
constitute a structured whole. 

66*' Operativity 

It is the action aspect of intelligence for all its four 

j 

stages. It is the essential generalizable structuring aspect 
of intelligence within the overall context of knowing: 
oopstructing/ transforming/ incorporating etc. 

67. Operator 

It is an element which acts as a system to change its state. 

&&. Ordering 

It is an operation of relating objects in a certain way# sayi 
seriation on length, weight and size. 

69. Organization 

It is an inseparable part of adaptation. It is a totality# 
nay# a vaster totality in which its various elements are 
related not only to each other but also to the whole. It is 
the functioning of the organism which gives content to it. 
All biological phenomena find expression in it. It has its 
own intrinsic regulatory roechanisme. 


i 


etc 
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70. Perception (Perceptual activity) 

It is e knowing activity with focus on immediatelygiven 
sensory data. Perceptual activityis the co-ordination of 

successive centrations. So perception arises out of 
intellectual activity. In other words/ to perceive is to 
const^ruct intellectually. 

71. iisi 

It comes naturally to children and develops in stages. It 
takes the form of make-believe fantasies in which assimilation 
predominates. Initially it is a case of functional 

(reproductive) assimilation. The terms is used in several 
contexts. Flay assimilation/ play of exercise/ play 

egocentric/ play with rules/ and play of imagination. 
Egocentric play means to play for oneself. in symbolic play/ 
the child uses other objects to represent those objects which 
are not present. It inheres its own belief which is 

subjective truth. 

72. Play (Conpenaatory) 

Make-believe play in which children act out; say/ fear; anger 
or aggression gradually with a view to coping with them* 

73. Preconcept 

It ! is a concept held by the child before it acquires a 
generalized character. 

74. Presence of symbol 

It is an event which is behaviourally characterized/ "A sign 
ia a significer"; which indicates another even called 
significate. The organism may react jto the sign as a signal 
or a symbol. 


of equivalence between two or more 


{n 
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76. Propositional combination or reasoning 

It relates to many possible ways of relating or combining the 
terms of a proposition or statement. It enables us to draw 
deductions which can be tested for relevance. 

77^. Rationality 

It is concerned more with the methods of thinking rather than 
with its conclusions. It is not to be confused with exactness 
or accuracy. Similarly# irrationality is not error. It is 
a matter of degree too where one approach is more rational 
than the other. It is not true that the rational person is 
bereft of any emotions. 

78. Reciprocity 

It is a sort of reversibility in which the effect of a force 
or action is compensated for ano:ther force or action. 

79. Realism 

It is a sort of belief held by a child that whatever is real 
to him is real to others too: symbol# dream and feeling. 

80. Reinforcement 

The surrounding condition in which the individual reacts to 
a particular stimulus. Thus# the need of the individual is 
met. In the case of reinforcement (internal) the successful 
response appears due to the deductive activity of the mind. 

81. Representation 

It refers to something present which is not really present. 
So it is the capacity to evoke the absent object through sign* 

' symbol and actions. It la detached from action, 

82. Reversibility 

It is the ability to carry out the same action in both 
directions. Then one can rach the starting point. Its two 
chief forms are negation (not male =* female) and reciprocity 
(not better = worse). One is then able to reconstitute the 
phenomenon through construction as well as decomposition. 


CIS 




^ k 


^ oacib-j-ici/sj 

if" is ^ ^f^CouhJ-sre^l duh/^ ^ 

Ujl f^i^^leiy\ -soUi- ig Sciii's^ 

^^rDfjnot doe^ /vof- ^ jy^ ^ 

1 ^ fujjLi^ ^ d^iAstr U^der Oluk 

ewn /t. ca^ k cku 

oHju kXiirds If- i^ CUt/uL ^Otcl j^J^ || 

^ |tuA^ i'K^njuJL I^en it [h'SiJMk] 

tu te ^ 


Of 




(/ 


^hj/xJt sii & 

^ ^ ^oww- aw ..a. 

0^ Jk fjWjilLWLe, ^ cw Jljffl 
k 4 j. JsMwv e^ tti ^rB 6 {uM 




- 19 ' 


87. Seriation 

It is the operation of ordering objjects in the ascending or 
descending order. It can apply say# to length# weight. 

88. Set 

It is a kind of collection containing any kind of elements 
with or without a principle of selection. So elements of a 
get do not necessarily have any attributes in common. 

39. Sign (Signifler# significant) 

[t is too general and arbitrary. To some extent # its 
appearance does depend on the presence of symbol. 

)0. Signal 

it is more or leas an elementary index or substitute atimulua. 
:t is a seonsory impression which is associated with reaction 
Ls well as perception pictures of all schemes of thought with 

rhom it gets assimilated. It tiggers the action of a scheme 

}f assimilation. There is no difference between signal and 
gignifier at the level of sensory motor habits. 

91. Social tranamisaion 

Han does not live in vacuum. So it is a form of learning 

encompassing interpersonal relations# verbal instruction and 
social and cultural experiences. 

92. Stage 

It refers to development periods of Intelligence# say# four 
within the Piagetian context. It has a lot of fascination 

in the Piagetian cont ext. It has a lot of taacinatlon for 
working with the children# since each stage has its own 
specific features. It is their sequential nature rather than 
age specifies which is very important. Other vorkee like 
Freid and J.S. Bruner have also made use of this term in their 
writings. 


c;uo 
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93. Structure 

In easier terms# it is also called organisation of experience. 
It is stored information about relationships held among 
elements of task# event# situation and cognitive symbols. 
Its various parts constitute a totality. It is more or less 
synonymous with organization system# form and co-ordination. 
At any moment# it is a momentary crystallization which is 
surpassed by minds functioning. 

[ts other features are: 

L) It is invariably speaking a closed group. 

!) It invariably leads to functioning# but not 

vice-versa. 


)) It is stable at its centre but usually unstable at 

its limits. 

1) It is at any time a particular form of equilibrium. 

3) It is neither pre-deterroined nor a product of 

experience# physical and social. It is a form of 
equilibrium# a function of intellectual 

co-ordinations. 


6) It is different to distinguish it from its contents 
because it is differentiated progressively. It plays 
the role of form and content simultaneously or 
otherwise. 


7 ) It incorporates operations interlorization of 
activities. Once it happens i deduction becomes 
possible. The experience is thus rendered more or 
less useless. 


role of regulators in respect of 
acttivities at the sensory motor stage. 

the role of formation in the case 
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Structuralism 

It is a school of thought usually contrasted with 
behaviourism. It studies problems , such as structure of 
Knowledge and memory. 

95. Structure d*ensemble 

It is necessary to imagine completeness as well as unity of 

i 

thought in thinking at any stage of mental development. 
Groupings and INBC are the proposed structures at the concrete 
and formal stages of mental development. These structures 
are quite abstract and go a long way in uderstandlng and 
capturing the essence of thinking. 

96* Symbol (symbolic function) 

It is an element which represents another thing or element. 
It has nothing to do with the thing represented. It is purely 
a matte of convention. Symbolic function/ is therefore/ the 
person's capacity to construct or produce a symbol for 
representing something which he knows to exist. It is 
individual and motivated. Here/ both ideas and feellnga are 
involved in toto. It is in fact an 'embryo of concept still 
charged with affectively'. 

97. Symbolism (Collective) 

Play in which each one plays his role within the total context 
of the play. In a way/ each one is aware of the other's roles 
too. 

98. Symbolism (Ludlc) 

Make belive games in which objects are used to represent other 
objects# for example# pencil aa game, 

99. Syncretism 

It applies to the reasoning manifested at the pre-oporational 
stage of mental development which explains cause and effect 
in terms of contlguvity. In other words# things and event* 
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which happens together caoae each other 
exaraple, causes the cycle to go. 


The road/ for 
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term Th fhea« fact, it is quite a broad 

terra, it then means an activity of the mind. 

102 . Topolo<|y 

r!law^° !■ ''Woh atudlea japatial 

relationehips aa well aa forme without aim. or aLpea 

Examplee are: open and cloned figure, aa wall aa aimple elo.ed 

cover Which dlvldee ea given plen. Into outelde end Inel 

in other wotde, It (topologlcel .pan., f, . 

relationships expressed only in terma f j 

^ ^ proximity, 

separation, order, enclosure or continuity. 


103, Transductional 

It is a sort Of (primitive) experience. It la a case of 
representation rather the concept. Specifically speaking, 
It is for all practical purposes, mentally evolved scheme of 

action. No deduction is involved. Thought is not conacioua 
of its existence. 


104. Transformation 

It is of two types, namely; external and internal. The former 
refers to the constantly changing appearance of the world. 






i 
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The latter refers to knowing whereby the confusing external 
changes are compensated through the construction of invariant. 
In othe wordsr operations are internal transformations which 
lead to the objective und erstanding of the world. 

105. Transitivity 

It is the ability to discover or to tanapoae differences 
between items in a aeries. For example: 

X Y Z 
so X Z 
or 

Z X 

106. TranspoBitlon 

It refers to the transfer of the being of discrimination from 
task to task. In good form/ the same structure Is recognised 
when the same/similar situation is presented in a variety of 
ways. 

107- Truth table 

It is a table in which true and false values are shown in 
three or more columns of all possible combinations of 
attributes having two or more dimensions* 

108- Verification 

It is a process in which a person retests the idea of a 
statement. 




